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A. EXECUTIVE SUMMARY

The Federal Land Managers Air Quality Related Vaues Work Group (FLAG) was formed to develop
amore consistent approach for the Federal Land Managers (FLMs) to evaluate air pollution effects on
their resources. Of particular importance is the New Source Review (NSR) program, especiadly in the
review of Prevention of Significant Deterioration (PSD) of air quaity permit applications. The goals
of FLAG have been to provide consistent policies and processes both for identifying air quality related
values (AQRVs) and for evauating the effects of air pollution on AQRVS, primarily those in Federa
Class | air quality areas, but in some ingtances, in Class |l areas. Federa Class | areas are defined in
the Clean Air Act as nationa parks over 6,000 acres and wilderness areas and memoria parks over
5,000 acres, established as of 1977. All other FLM areas are designated Class II. Maps of Federd
Class| areas are provided in Appendix E. Listsof Class| Area contacts are provided in Appendix F.

FLAG members include representatives from the three FLMs that administer the nation's Federal
Class | areas. the U.S. Department of Agriculture Forest Service (USDA/FS), the National Park
Service (NPS), and the U.S. Fish and Wildlife Service (FWS). (Subsequently in this report, these
three agencies collectively will be referred to as “FLMs.” Class | and Class Il air quality areas are
called "FLM areas’ in thisreport.) Appendix G contains alist of FLAG Participants.

This report describes the work accomplished in Phase | of the FLAG effort. That work includes
identifying policies and processes common to the FLMs (herein called “commonalities’) and
developing new policies and processes using readily available information. This report provides
State permitting authorities and potential permit applicants a consistent and predictable process for
assessing the impacts of new and existing sources on AQRV's, including a process to identify those
AQRVs and potential adverse impacts. The report also discusses non-new source review
considerations and managing emissions in Federal areas. In Phase Il, FLAG will address
unresolved issues including those that will require research and the collection of new data.

ThisFLAG Phase | Report consolidates the results of the FLAG Visibility, Ozone, and Deposition
subgroups. The chapters prepared by these subgroups contain issue-specific technical and policy
analyses, recommendations for evaluating AQRV's, and guidelines for completing and evaluating
NSR permit applications. These recommendations and guidelines are intended for use by the
FLMs, permitting authorities, NSR permit applicants, and other interested parties. The report
includes background information on the roles and responsibilities of the FLMs under the NSR

program.

This document includes guidelines for completing and evaluating NSR applications that may affect
FLM areas. It does not provide a universal formula that would, in al stuations, alow one to
determine whether or not a source of air pollution does, or would, cause or contribute to an adverse
impact. That determination remains a project-specific management decision, the responshbility for
which remains with the FLM, as delegated by Congress. The FLM's assessment of whether or not an
adverse impact would occur is based on the sensitivity of the AQRVs at the particular FLM area under
consideration.

To provide information for the FLM’ s assessment of adverse impacts on AQRV s, the permit applicant
should identify the potential impacts of the source on al agpplicable AQRVs of that area. An FLM



may ask that an applicant address any or al of the areas of concern. The primary areas of concern to
the FLMs with respect to ar pollution emissons are vishility imparment, ozone effects on
vegetation, and effects of pollutant deposition on soils and surface waters.

The FLAG Phase | Report adso describes the FLAG effort—including the FLAG approach,
organization, and plans for future FLAG work. Appendix A of the report contains a glossary of
technical terms, abbreviations, and acronyms used in the report aong with associated definitions.
Appendix H provides alist of al references cited in the FLAG report.

The key recommendations developed by the Vishility, Ozone, and Deposition subgroups are
summarized below. However, for dl three subject matter areas, FLAG recommends that the permit
applicant consult with the appropriate regulatory agency and with the FLM for the affected area(s) for
confirmation of preferred procedures. This consultation should take place in the early stages of the
permit application process.

1. RECOMMENDATIONSFOR EVALUATING VISIBILITY IMPACTS

perm/FOj[0 iopconsultation shone early stO -m Tjldations develop, airificed pthe pnd acronyml4.25



Calculate the change in extinction due to the source being analyzed, compare these changes
with the reference conditions, and compare these results with the thresholds given in Section
D.2c

If necessary, calculate the cumulative change in extinction due to new source growth.

This prescription is portrayed schematically in Figure V-1.



Figure V-1. Prescription for visibility assessment for distant/multi-source applications
(source greater than or equal to 50 km from the Class | areq)
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2. RECOMMENDATIONS FOR EVALUATING OZONE IMPACTS

FLAG agrees with the EPA contention that single source-receptor modeling for ozone is not
feasible at thistime. FLM actions or specific requests on a permit application will be based on
the existing air pollution situation at the area they manage. These conditions include (1)
whether or not actual ozone damage has occurred in the area, and (2) whether or not ozone
exposure levels occurring in the area are high enough to cause damage to vegetation {.e.,
phytotoxic Oz exposures). Figure O-1 shows the various responses an FLM would have to a
permit application. (Note: the term “Ozone exposure currently recognized as phytotoxic” is
determined based on data from exposure response studies and ambient ozone levels at the site.
The FLM may ask the applicant to calculate the ozone exposure values if these data are not
aready available. “Ozone damage to vegetation” is determined from field observations at the
impacted site.)

Oxidant stipple necrosis on plant foliage and ozone-induced senescence infer adverse

physiological or ecological effects, and are considered to be damage if they are determined to
have a negative impact on aesthetic value.

The W126 ozone metric is recommended to describe ozone exposure, based on a 24-hour,
seasonal (April through October) period of measurement. The number of hours in this period of
time greater than or equal to 100 ppb (N100) will aso be determined, in recognition of the
importance of peak concentrations in plant response.

NOy and VOC are of concern because they are precursors of ozone. Current information indicates

most FLM areas are NOy limited. Until we determine the VOC or NO, status of each area, we will
focus on control of NO, emission sources.

vii



Figure O-1. FLM response to potential ozone effects from new emissions source.
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Items referenced in Figure O-1:

a The FLM may recommend one or more of the following:
- That the proposed source use dtricter than BACT controls (e.g., Lowest Achievable Emission
Rate [LAER]).
- That the proposed source obtain NOx emission offsets that will benefit the potentialy affected
FLM area (as demonstrated by dispersion modeling).
- That the permitting authority (i.e., state or EPA) conduct regiona modeling to identify sources
that are contributing significantly to ozone-associated impacts in the FLM area, and that the
permitting authority then undertake actions necessary to reduce emissions from those sources (e.g.,
SIPrevision).

b. The applicant calculate the ozone exposure for vegetation (using W126 and N100 metrics) for the
affected FLM area(s) where such information is not already available.

c. The permitting authority or applicant fund post-construction ambient ozone monitoring in or near
the FLM area.

d. The applicant conduct or fund post-construction ozone effects surveys in the FLM area and/or
exposure/response effects research.

viii



3. RECOMMENDATIONS FOR EVALUATING DEPOSITION IMPACTS

The permit applicant should consult with the appropriate regulatory agency and FLM for the affected
area(s) to determine if a deposition impact analysis should be done. If an analysis is advised, the
permit applicant should obtain available information on Class | AQRVS, critical loads, and concern
thresholds from the FLM. In addition, the applicant should refer to the “Recommendations and
Guidance for Evaluating Potential Effects from Proposed Increases in Deposition to an FLM Aread’
section of the Deposition Chapter (Section D.4.f). The following steps summarize that guidance.

Estimate the current deposition rate to the FLM area. A list of monitoring sites providing data to
characterize deposition in FLM areas is included in the Deposition Chapter (Table D-2).

Estimate the future deposition rate by adding the existing rate, the new emissions contribution to
deposition, and the contribution of sources permitted but not yet operating. Modeling of new and
permitted but not yet operating emissons contribution to deposition should be conducted
following IWAQM recommendations.

Compare the future deposition rate with the recommended screening criteria (e.g., critical load,
concern threshold, or screening level value) for the affected FLM area A list of documents
summarizing these screening criteria, where available, can be found in Appendix H. Information
for USDA/FS Class| areasis also available at:

http://www.fs.fed.us/r6/ag/natarm

A website with NPS and FWS Class | areainformation is currently under devel opment.

In consultation with the FLM, use the following flowchart (Figure D-1) to determine whether
mitigation is recommended.
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a. The applicant should use one or more of the following:
- Stricter (than BACT) controls (e.g., Lowest Achievable Emission Rate [LAER]).
- Emission offsets located in an area that, considering geographic and meteorological
factors, will benefit the impacted wilderness or park, as demostrated by modeling.
- Regional modeling to identify sources contributing significantly to deposition
adverse effects; SIP revision to reduce emissions contributing to adverse effects.
(See text for discussion of mitigation options.)
b. Deposition and deposition effects monitoring/research in the FLM area.
c. Denial of permit.



B. BACKGROUND
1. HISTORY

The Clean Air Act Amendments of 1977 give Federal Land Managers (FLMs) an “affirmative
responsibility” to protect the natural and cultural resources of Class | areas from the adverse
impacts of air pollution. (See Appendix B. “LEGAL FRAMEWORK FOR MANAGING AIR
QUALITY AND AIR QUALITY EFFECTS ON FEDERAL LANDS.") FLM responsibilities
include the review of air quality permit applications from proposed new or modified major
pollution sources near these Class | areas. If, in its permit review, an FLM demonstrates that
emissions from a proposed source will cause or contribute to adverse impacts on the air quality
related values (AQRVs) of a Class | area, the permitting authority, typically the State, can deny the
permit.

Individually, FLMs have developed different approaches to identifying AQRVs and defining
adverse impacts on AQRVs in Class | areas. For example, in 1988, the U.S. Department of
Agriculture Forest Service (USDA/FS) conducted a national screening process to identify the
AQRVsfor each of its Class | areas. Using this national process as a starting point, each USDA/FS
region refined the screening parameters and identified sensitive AQRV's for many Class | areas.
However, this resulted in differences in the approaches and levels used by USDA/FS regions. The
U.S. Department of the Interior National Park Service (NPS) and the U.S. Fish and Wildlife
Service (FWS) have adopted a case-by-case approach to permit review, considering the most recent
information available for each area. NPS and FWS have not completed lists of sensitive AQRVs
nor defined adverse impact levels for all of their Class | aress.

a. FLAG Approach

Air resource managers from the USDA/FS, NPS, and FWS recognized the need for a more
consistent approach among their agencies with respect to their efforts to protect AQRVs. In April
1997, an interagency workgroup was formed whose objective was “to achieve greater consistency
in the procedures each agency uses in identifying and evaluating AQRVsS.” The workgroup named
itself the Federal Land Managers Air Quality Related Values Work Group, or FLAG. Although
FLAG membership comprises air resource managers and subject matter experts from the three
agencies, representatives from the U.S. Environmental Protection Agency (EPA), U.S. Geological
Survey, and State air agencies have also participated in FLAG efforts.

FLAG participants have collaborated to:

define sensitive AQRVS,

identify the critical loads (or pollutant levels) that would protect an area and identify the
criteriathat define adverse impacts, and

standardize the methods and procedures for conducting AQRV analyses.

To accomplish its objective, FLAG started with (and will continue to build on) the procedures,
terms, definitions, and screening levels common to the three agencies.  Many such
“commonalities’ were identified early in the FLAG planning sessions. (See section B.4.
“COMMONALITIES AMONG FEDERAL LAND MANAGERS.”)



FLAG's “Action Plan” stipulates a phased approach. Phase | addressed issues that could be resolved
without research or the collection of new data. Phase Il will address the more complex and unresolved
issues from Phase | that may require additiona data collection. (See section E. “FUTURE FLAG
WORK.")

The FLAG effort focuses on the effects of the air pollutants that could affect the health of resources
in Class | areas, primarily pollutants such as ozone, particulate matter, nitrogen dioxide, sulfur
dioxide, nitrates, and sulfates. In Phase I, FLAG concentrated on four issues: (1) terrestria effects
of ozone; (2) aquatic and terrestrial effects of wet and dry pollutant deposition; (3) visibility
impairment; and (4) process and policy issues. Four subgroups, one for each of these issues, were
formed and charged with developing a set of recommendations for consistent policies and
processes.

In Phase I, FLAG findings and technical recommendations underwent scientific peer review, as
well as review by agency decisionmakers such as Class | area Park Superintendents, Refuge
Managers, and Forest Supervisors, Regional Foresters, and the Assistant Secretary for Fish and
Wildlife and Parks. (Note: USDA/FS has designated the FLM as the Regional Foresters and, in
some cases, Forest Supervisors. However, the Assistant Secretary for Fish and Wildlife and Parks
holds FLM responsibilities for NPS and FWS.) FLAG products have also undergone public review
and comment. [A “notice of availability” of the draft FLAG report was published in the Federal
Register, and the FLMs conducted a public meeting to discuss the draft FLAG report and provided
a 90-day public comment period.]

b. FLAG Organization

In addition to the four subgroups (policy, deposition, ozone, and visibility), the FLAG organization
included Leadership and Coordinating Committees and a Project Manager. The Leadership
Committee, which includes the air quality program chiefs from the three FLM agencies, was
responsible for providing direction to the workgroup and the resources necessary for FLAG to
accomplish its objective. The Coordinating Committee, which also includes representatives from
each agency, was responsible for communications within the workgroup, including coordination
among the agencies and subgroups. The FLAG Project Manager coordinated FLAG activities,
served as a single point-of-contact for the subgroups, and performed other administrative functions.

2. OVERVIEW OF RESOURCE ISSUES

Research conducted on Federal lands by FLMs and others has characterized natural resource effects
associated with air pollution, and has helped identify those particular resources that are vulnerable to
pollution. This effort does not address the impacts from air pollution on cultural resources.
Documented effects include impairment of visbility, injury and reduced growth of vegetation, and
acidification and fertilization of soils and surface waters. Air pollution effects on resources have been
identified in a number of FLM areas; afew examples are provided below. It isimportant to note that
similar, or even more serious, air pollution effects may be occurring on al Federa lands, but FLMs
have not had the financial resources to perform the inventorying, monitoring, and/or research
necessary to document such effects.



a. Visbility

Vigtors to nationa parks and wildernesses list the ability to view unobscured scenic vistas as a
significant part of a satisfying experience. Unfortunately, visibility impairment has been documented
in most Class | areas with visbility monitoring. Mot visibility impairment is in the form of regiona
haze. The greatest visibility impairment due to regiona haze occurs in the eastern United States and in
southern California, while the least impairment occurs in the Colorado Plateau and Nevada Great
Basin areas, and in Alaska. Sulfate is primarily responsible for visbility impairment in the eastern
United States (e.g., Shenandoah National Park in Virginia); in southern California the maority of
vigbility impairment is attributable to nitrates (e.g., San Gorgonio Wilderness); in the Northern Rocky
Mountains and Pacific Northwest, impairment is primarily due to organics (e.g., Glacier National Park
in Montand); and in the intermountain West, sulfate, organics and elementa carbon are the main cause
of impairment (e.g., Grand Canyon National Park in Arizona) (Sider et al., 1993).

Vishility impairment on Federal lands can also result from plume intrusion and has been documented
in Mount Zirkel Wilderness, Moosehorn National Wildlife Refuge, and Grand Canyon National Park.

b. Vegetation

While several components of air pollution .g., sulfur dioxide, nitrogen dioxide, and peroxyacyl
nitrates) can affect vegetation, ozone is generally acknowledged as the air pollutant causing the
greatest amount of injury and damage to vegetation. The most common visible effects are stipple
(dark colored lesions on leaves resulting from pigmentation of injured cells), fleck (collapse of a few
cdls in isolated areas of the upper layers of the leaf, resulting in tiny light-colored lesions), mottle
(degeneration of the chlorophyll in certain areas of the leaf giving the leaf a blotchy appearance),
necros's (death of tissue), and in extreme cases, mortality. Aside from visible injury, 0zone exposure
can result in less obvious physiologica impairment such as decreased growth or atered carbon
alocation.

Ozone fumigation experiments have identified a number of plant species that are sengtive to ozone.
For example, fumigations were conducted in Great Smoky Mountains National Park (Tennessee and
North Caroling) from 1987 to 1992. On the basis of foliar injury, thirty species were rated as sengitive
to ozone leves that occurred in the park. The species with foliar injury included black cherry (Prunus
serotina) and American sycamore (Platanus occidentalis). Additional observations and physiological
measurements indicated elevated ozone reduced leaf, root, and total dry weights, and increased the
severity of leaf stipple and premature leaf abscisson in these two species (Neufeld and Renfro,
1993ab). Field observations have documented foliar injury of these species in other eastern United
States areas such as Brigantine Wilderness (New Jersey) and Cape Romain Wilderness (South
Carolina).

Ponderosa pine (Pinus ponderosa) and Jeffrey pine (Pinus jeffreyi) are recognized as good candidates
for ozone-injury surveys in the western United States, based on their documented senditivity. For
example, these species were examined for ozone injury in nationa parks and national forests in the
Cdlifornia Sierra Nevada from 1991 to 1995. The sites surveyed included Lassen Volcanic, Y osemite,
and Sequoia/Kings Canyon National Parks and the Tahoe, Eldorado, Stanidaus, Sierra, and Sequoia
Nationa Forests. Foliar injury attributable to ozone was found at all areas, and the extent of injury
generaly increased in a southward direction along the Sierra Nevada (Miller et al., 1995).
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c. Soilsand Surface Waters

Acidity in rain, snow, cloudwater, and dry deposition can affect soil fertility and nutrient cycling
processes in watersheds and can result in acidification of lakes and streams with low buffering
capacity. Depodtion of sulfate to senstive watersheds results in leaching of base cations, soil
acidification, and surface-water acidification. In some soils, sulfate adsorption results in "delayed”
acidification of surface waters. Deposition of excess nitrogen species (nitrate and ammonium) to both
terrestrial and aguatic systems can result in acidifying streams, lakes, and soils. There is aso evidence
that nitrogen deposition can cause shifts in phytoplankton composition in lakes in which biologica
activity is limited by nitrogen availability, i.e., increased nitrogen deposition can cause phytoplankton
species that use nitrogen more efficiently to eventualy dominate the lake.

Water chemistry surveys and on-going monitoring show that many high elevation lakes on Federa
lands in the Sierra Nevada, Cascades, and Rocky Mountains are sendtive to acid deposition. In
generd, these lakes are on bedrock that provides them with very little buffering capacity. Some of
these lakes, for example, Loch Vae in Rocky Mountain National Park (Colorado) experience episodic
acidification during Spring snowmelt (Baron and Campbell, 1997).

Through funding provided by the Southern Appalachian Mountains Initiative, Herlihy et al. (1996)
compiled information on surface water sensitivity of streams in nine of the eleven Class | areasin the
Southern Appaachians. The nine Class | areas were grouped according to geology, physiography, and
stream chemigtry, then the groupings were ranked in terms of effects. Class | areas in the West
Virginia Plateau (Otter Creek and Dolly Sods Wildernesses) had the highest percentage of acidic
stream length and lowest pH values. Class | areas in the Northern and Southern Blue Ridge (e.g.,
Shenandoah National Park in Virginia and Joyce Kilmer/Slickrock Wilderness in North Caroling) had
a lower percentage of acidic stream length, however, streams with low buffering capacity were
common. The Alabama Plateau Class | area (Sipsey Wilderness) had streams with the highest
buffering capacity. (Note that the authors based their report on surveys conducted by others and did
not account for potentia differences in methods of data collection.)

A number of Federal areas contain estuarine and coastal areas that may experience eutrophication as a
result of excess nitrogen deposition. For example, symptoms of eutrophication, including nutrient
enrichment and algal blooms, have been observed in Everglades National Park and Chassahowitzka
Wilderness (Florida).

3. LEGAL RESPONSIBILITIES

The specific lega responsibilities that Congress has given FLMs to protect natural, cultural, and scenic
resources on the public lands from air pollution are identified in Appendix B. Statutes described in
Appendix B. include agency organic acts, the Wilderness Act, and the Clean Air Act (CAA).

The fundamental Congressional direction for managing public lands arises out of respective organic
acts. Each of these laws is essentially a charter from Congress to the Executive Branch providing a
purpose for parks, wildernesses, and refuges, respectively, and establishing broad management
objectives for these areas. The Wilderness Act sets aside a subset of these public lands where natura
processes are dlowed to dominate. The agency stewards develop specific management objectives
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building on the organic acts using public involvement, regulations, best available science, and
additional direction provided by Congress.

Among this additional Congressiona direction is the Clean Air Act (CAA). It further characterizes
some of the public lands as Class | areas and directs the land managers to take an affirmative
responsibility to protect these areas from air pollution. The CAA directs that the FLMs identify and
protect air qudity related values, including visibility. This direction is consistent with the underlying
charters provided by the organic acts and the Wilderness Act. The similarities of management
objectives, and of the policies and procedures necessary for protecting Class | areas, are at the core of
the FLAG process.

In implementing laws, it is essential to understand the “intent of Congress.” In the case of the CAA,
the FLM gleans additional insight from a passage in Senate Report No. 95-127, 95" Congress, 1st
Session, 1977 which states,

“The Federal Land Manager holds a powerful tool. He is required to protect Federal lands
from deterioration of an established value, even when Class | [increments] are not exceeded.
... While the genera scope of the Federal Government's activities in preventing significant
deterioration has been carefully limited, the FLM should assume an aggressive role in
protecting the air quaity values of land areas under their jurisdiction. In cases of doubt the
land manager should err on the side of protecting the air quality-related vaues for future
generations.”

Although the FLMs have an "affirmative responsibility” to protect AQRVS, they have no
permitting authority under the CAA, and they have no authority under the CAA to establish air
quality-related rules or standards. The FLM role consists of considering whether emissions from a
new source may have an adverse impact on AQRVs and providing comments to permitting
authorities (States or EPA). It is important to emphasize that the FLAG report is only a guidance
document that explains factors and information the FLMs expect to use when carrying out their
consultative role. It is separate from Federal regulatory programs.

The FLAG report describes the steps and process that the FLMs intend to go through in order to
perform their statutory duties. Consequently, the scope of the FLAG report is to provide a more
consistent approach for the three FLM agencies to evaluate air pollution effects on their resources,
and to provide guidance to permitting authorities and permit applicants regarding necessary AQRV
analyses. Although FLAG strives to be consistent with regulatory programs and initiatives such as
the Regional Haze Rule and New Source Review Reform, no direct ties exist between FLAG and
these regulatory requirements.

4. COMMONALITIESAMONG FEDERAL LAND MANAGERS

If a new source is proposed near two or more areas managed by different FLMs, the FLMs generally
try to coordinate in their interactions with the permitting authority and with the applicant. For
example, two or more FLMs involved in pre-application meetings typicaly try to minimize the
workload for the applicant by reaching agreement on the types of analyses the application should
contain. Beyond coordinating during permit review, FLMs currently base requests and decisions on
smilar principles regarding resource protection and FLM respongbilities. Listed below are the
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common principles in five areas of air resource management. In addition, Appendix C provides the
FLM’s“GENERAL POLICY FOR MANAGING AIR QUALITY RELATED VALUES IN CLASS
| AREAS”

a. ldentifying AQRVs
FLMs agree on the following definition of an AQRV:

A resource, as identified by the FLM for one or more Federal areas, that may be adversely
affected by a change in air quaity. The resource may include vishility or a specific
scenic, cultural, physical, biological, ecological, or recreational resource identified by the
FLM for a particular area.

This definition is compatible with the genera definition of AQRV that appearsin the Federal Register
(FR 15016, April 10, 1978). That definition includes visbility, flora, fauna, odor, water, soils,
geologic features, and cultura resources. FLMs have the responsibility to identify specific AQRV's of
areas they manage. To this end, FLMs further refine AQRV's beyond the above definition to be more
site-specific (.e., area specific) by using on-site information. FLMs have developed inventories of
specific AQRVs for many Class | areas and recognize that, idedlly, inventories should be developed
for al Class | areas. FLMs can be contacted for copies of ste-specific AQRV lists. Finally, FLMs
agree on the need for continued inventory, research, and monitoring to improve their ability to
determine which AQRV's are most sengitive to air pollution and the sengitivity of these AQRVs.

b. Determining the Levelsof Pollution that Trigger Concern for the Well-Being of AQRVs

FLMs believe that it should be possible to agree among themselves on the levels of pollution that
trigger concerns for AQRVs. FLMs recognize the need to assess cumulative impacts and the
difficulties associated with this process. Difficulties arise when a large number of minor source
impacts eventualy lead to an unacceptable cumulative impact or when a new source applies for a PSD
permit in an area that has a high background concentration of pollution from existing sources. This
means that a proposed new source should be evaluated within the context of the total impacts that are
occurring or that potentially could occur from permitted/existing sources on the AQRVs of the area.

c. Visibility

FLMs use EPA-approved models to evaluate vighility impacts. The modeds use thresholds of
visihbility degradation measured in light extinction to evaluate source impacts to haze (far-field/multi-
source impacts), and EPA established criteria for coherent plume impacts (near-field impacts).
Currently al FLMs use Interagency Monitoring of Protected Visua Environments (IMPROVE)
monitoring data to determine current conditions for visibility in FLM aress,

d. Biological and Physical Effects

All FLMs rely on research, monitoring, models, and effects experts to identify and understand
physicd, biological, and chemica changes resulting from air pollution and relating them to changesin
AQRVs. Further, they focus on sensitive AQRV's (defined as either species or processes) to assess
this biological/physical/chemical change.



e. Determining the Levd of Pollution Likely to Cause an " Adverse Impact" on AQRVs

FLMs rely on the best scientific information available in the published literature and best available
data to make informed decisions regarding levels of pollution likely to cause adverse impacts. FLMs
re-evaluate, update, and assess this information as appropriate. They consider specific Agency and
Class | arealegidative mandates in their decisons and, in cases of doubt, "err on the side of protecting
the AQRV s for future generations.” (Senate Report No. 95-127, 95th Congress, 1st Session, 1977)

For air quality disperson modeling analyses, FLMs follow 40 CFR 852.21(1) (Appendix W of Part 51,
EPA's Guideline on Air Quality Models, revised 1996) and the recommendations of the Interagency
Workgroup on Air Qudity Modding (IWAQM). FLMs recommend protocols for modeling analyses
to permit applicants on a case-by-case basis considering types and amount of emissions, location of
source, and meteorology. When reviewing modeling and impact analysis results, al FLMs consider
frequency, magnitude, duration, and location of impacts.

f. FLM databases

Air Synthesis (formerly Air Quality Information Management System — AQUIMYS)

Air Synthesis is an information management and decision-support computer system under
development by NPS and FWS. Air Synthesis is designed to assist FLMs in determining potential
effects of pollutants on AQRVSs. It contains information on air quality and its effectsin Class | parks
and wildernesses as well as natural resource data and annotated bibliographies of current literature on
ozone and deposition. The system will also contain an interactive expert system module that will
allow FLMs to assess the current status of freshwaters and determine if these resources are affected
by deposition of sulfur or nitrogen.

Natural Resource Information System — Air Module (NRIS-AIR)

The Air Module is part of the USDA/FS Natural Resource Information System that integrates
various physical, biological, and socioeconomic data within an integrated system of database, map-
based spatial information, and analytical tools. Version 1.0 of NRIS-AIR, released in November
1998, tracks AQRVs, sensitive receptors, and indicators for each of the USDA/FS Class | areas.
The water submodule provides data storage, reports, and tools for evaluating locally entered water
quality and wet deposition data. Future NRIS-AIR versions (currently under development) will
provide the information structure for visibility, flora, fauna, soil, geologic resources, cultural
resources, and air quality data, as well as providing a PSD permit tracking system.



C. FEDERAL LAND MANAGERS APPROACH TO AQRV PROTECTION

FLM responsbilities for resource protection on Federa lands are clear and there should be no
misunderstanding regarding the tools the FLM uses to fulfill these responsibilities. Opportunities to
influence decisons regarding pollution sources externa to the park or wilderness are limited.
However, FLMs strive to minimize emissions from internal sources and their effects. Approaches for
minimizing air pollution from external and internal sources are discussed in detail below.

1. AQRV PROTECTION AND IDENTIFICATION

Congress assigned the FLMs an affirmative responsibility to protect AQRVs in Federa Class | aress.
The FLMs interpret this assignment as a responsibility to:

Identify AQRVsin each of the Class | aress.

Establish inventorying and monitoring protocols for AQRVs.

Prioritize AQRV inventorying and monitoring (because of constrained budgets).

Specify a process for evaluating air pollution effects on AQRVS, including the use of
sensitive indicators.

5. Specify adverse effects for each AQRV.

E NN o

To the extent possible, AQRV s have been identified for each Class | area. Additional AQRV's may be
identified in the future as more is learned through science about the senditivity of resources to air
pollution. Public involvement in this process is necessary and will be accomplished through
participation in the land management planning process or reply to an announcement in the Federal
Register.

While the sengitivity of an AQRV to air pollution may be known, the long term monitoring of its
hedth or status may not have been accomplished. The expense of monitoring al AQRVs
simultaneoudly is prohibitive. Consequently, FLMs seek opportunities through the permitting process
and through partnerships to gather more information about condition of AQRVs.

Because AQRVs themsdlves are often difficult to measure, surrogates are used as indicators, or
sengtive indicators, of the health or status of the AQRV. Designing aworking process for Class | area
management and AQRV protection is outlined ahead in this document.

Findly, an adverse impact is determined for each AQRV. An adverse impact from air pollution
results in a diminishment of the Class | area's nationa significance, that is, the reason the Class | area
was created. Adverse impacts can aso be an impairment of the structure or functioning of the
ecosystem as well as an impairment of the quality of the visitor experience. The FLMs make an
adverse impact determination on a case-by-case basis, based on technical and other information.

2. NEW SOURCE REVIEW
Section 165 of the CAA spells out the roles and responsibilities for FLMs in New Source Review,
including the Prevention of Significant Deterioration (PSD) permitting program. Other laws, such as

the respective agency organic acts and the Wilderness Act, provide the fundamental underpinning of
land management direction to land managers. The following discusson merges this complex
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labyrinth of legal responsibilities as it relates to air resource management. A pending regulation
revison from EPA which contains many of the items in this section addressing NSR may add more
specificity to the Class | area protection process from the perspective of the CAA.

a. Rolesand Responsibilitiesof FLMs
The FLM. The federa officia directly responsible for the national parks, national wildlife refuges,

and nationa forests (e.g., park superintendents, refuge managers, and forest supervisors, respectively)
derive their responsibility from the respective agency organic acts. Furthermore, these officials, and



Additionally, such dialogue facilitates coordination between permitting authorities and the FLMs.
The significance of the impact to AQRV's is more important than the distance of the source. Not all
PSD permit applications that the FLM is notified of will be anayzed in-depth by the FLM. FLM
notification of a PSD permit application for a project located greater than 100 km does not mean
that that application will be reviewed by the FLM in detail. Notification of PSD permit
applications in excess of 100 km by the permitting authority allows the FLM to gauge the level of
potential cumulative effects. As indicated above, the FLM decides which PSD permit applications
to review on a case-by-case basis depending on the potential impacts to AQRVSs.

Pre-Application Meetings. To expedite the PSD permit review process, the FLM encourages pre-
application meetings with permitting authorities and permit applicants to discuss air quality concerns
for a specific Class | area in question. Given preliminary information, such as the source's location
and the types and quantity of projected air emissions, the FLM can discuss specific AQRVsfor an area
and advise the applicant of the analyses needed to assess potential impacts on these resources.

Completeness Determination.  To further minimize delays, the FLMs encourage the permitting
authority to use comments provided by the FLM concerning the completeness of the application, and
to not deem the application complete until the applicant performs al necessary air quality impact
analyses, including all relevant AQRV impact information. The permitting authority should then
notify the FLM when they deem the application to be complete.

Vighbility Protection Procedures. Additional procedura requirements apply when a proposed source
has the potential to impair visbility in a Class | area (40 CFR 852.27(d)(1998)). Specifically, the
permitting authority must, upon receiving a permit application for a source that may affect visibility in
any Class | areg, notify the FLM in writing. Such notification should include a copy of dl information
relevant to the permit application, including the proposed source's anticipated impacts on visibility in a
Class| area. The permitting authority should notify the FLM within 30 days of receipt and at least 60
days prior to the close of the comment period.

If the FLM notifies the permitting authority that the proposed source may adversaly impact visibility
in aClass | area, or may adversely impact visibility in a previoudy identified integral (scenic) vidta,
then the permitting authority is to work with the FLM to address their concerns. If the permitting
authority agrees with the FLM's finding that visibility in a Class | area may be adversely affected, the
permit may not be issued. Even though the permitting authority may agree with the FLM's adverse
impact finding regarding integral vistas, the permitting authority may ill issue a permit if the
emissons from the source are consstent with reasonable progress toward the nationa goa of
preventing or remedying visibility impairment. In making this decision, the permitting authority may
take into account the costs of compliance, the time needed for compliance, the energy and non-air
quality environmental impacts of compliance, and the useful life of the source.

The FLM will make a preiminary determination regarding possible adverse visibility impacts within a
prescribed time of receipt of al relevant information.

b. Elements of Permit Review

The FLM review of a PSD application for a proposed project that may impact a Class | area generaly
consists of three main analyses:
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1. Air quality impact analysis to ensure that predicted pollutant levels in Class | areas do
not exceed National Ambient Air Quality Standards (NAAQS) and PSD increments,
and to provide sufficient information for the FLM to conduct an AQRV impact
analyss. Ensuring that permit applicants meet these requirements is the direct
responsibility of the permitting authority (see discussion below);

2. AQRV impact analysis to ensure that the Class | area resources (.e., vishility, flora,
fauna, etc.) are not adversely affected by the proposed emissions. The AQRV impact
analysis includes interpreting the significance of the results from the applicant’s air
qudity impact analysis and is the responsibility of the FLM (see discussion below);
and

3. Best Available Control Technology (BACT) andysis to help ensure that the source
installs the best control technology to minimize emission increases from the proposed
project (See Appendix D for a summary of this andyss). The find BACT
determination is a direct responsbility of the permitting authority.

Air Quality Impact Analysis. The permit applicant must perform an air quality impact analysis for
each pollutant subject to PSD review. This analysis should show the contribution of the proposed
emissions to increment consumption and to the existing ambient pollution levels in a Class | park or
wilderness area. The applicant should perform a cumulative increment analysis for each pollutant and
averaging time for which the proposed source will have a significant impact. Because proposed sources
are not yet operating, the air quality anaysis must rely on mathematical disperson models to estimate
the air quality impact of the proposed emissions. The FLMs provide the applicants with guidance on
where to place model receptors within the Class | area.  The applicant is responsible to provide
aufficient information for the FLM to make a decison about the acceptability of potentid AQRV
impacts as a consequence of the new source.

The applicant should perform the air quality impact analysis using approved models and procedures
as specified in 40 CFR 852.21(1) and 40 CFR 851.166(1) (Appendix W of Part 51, EPA's Guideline
on Air Quality Models revised 1996 and in revision again as of the date of this writing, December
2000). The applicant should explicitly state all assumptions for the analysis, and furnish sufficient
information on modeling input so that the FLM can validate and duplicate the model results. FLMs
encourage the permit applicant to submit a modeling protocol for review before performing the
Class | modeling analyses. This protocol should include the proposed air quality analysis
methodology and modd input (i.e., emissions, stack data, meteorological data, etc.), and the
proposed location of the receptors in the FLM area.

AQRYV Impact Analysis. According to the CAA’slegidative history and current EPA regulations
and guidance, the air quality impact analysis that provides sufficient information to enable the FLM
to conduct the AQRV impact analysis is one part of a permit application just as are the BACT
analysis and the air quality impact analysis relative to the increments and NAAQS. The applicant
bears the entire cost of preparing the permit application including the complete air quality impact
analysis.

The FLM then uses the results from the applicant's air quality impact anaysis and other
information to conduct the AQRV impact analysis and make an informed decision about whether
or not AQRVs will be adversely affected. If the FLM concludes that AQRVs are or will be
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adversely affected, the FLM must so demonstrate to the permitting authority. The following
sections of this document give guidance to applicants on how to conduct an air quality impact
analysis and how the FLM uses this information to make an AQRV impact decision.

Cumulative Impact Analysis. The applicant’s air quality impact analysis should include both the
permit applicant’s contribution to the AQRV impacts, as well as the cumulative source impacts on
AQRVs. A cumulative air quality analysis in which the proposed source and any recently
permitted (but not yet operating) sources in the area are modeled is an important part of any AQRV
impact analysis. This cumulative modeled impact is then added to measured ambient levels (to the
extent that such monitoring data are available) so that the FLM can assess the total effect of the
anticipated ambient concentrations on AQRVs. If no representative monitoring data are available,
the applicant should estimate the total pollutant concentrations by modeling emissions from all
contributing sources in the area.

Information Provided by the FLM to the Applicant. To assist the permit applicant in
performing air quality impact analyses, the FLMs will provide al available information about
AQRVsfor aparticular Class | area that may be adversely affected by emissions from the proposed
source. FLMswill recommend available methods the applicant should use to analyze the potential
effects to the receptor(s) located in the Class | area.  In addition to identifying AQRV's, FLMs will,
to the extent possible:

(1) identify inventories, surveys, monitoring data, scientific studies, or other published
reports that are the basis for identification of AQRVS;

(2) identify specific receptors known to be most sensitive to air pollution and the pollutant
or pollutants that individually or in combination can cause or contribute to an adverse
effect on each receptor;

(3) Identify the critical pollutant concentrations above which adverse effects are known or
suspected to occur;

(4) Recommend methods the applicant should use for predicting ambient pollutant
concentrations and other related impacts (e.g., deposition, visibility) which may cause
or contribute to an adverse effect on each receptor; and

(5) Suggest screening level values or criteria that would be used to assess whether a
proposed emissions increase would have a de minimis impact on AQRVs.

It is important to highlight the distinction between the air quality impact analyses that the applicant
performs and the AQRV impact analyses that FLMs perform. Whereas the permit applicant calculates
changes in pollutant concentrations, deposition rates, or visibility extinction, the FLM assesses the
extent to which these impacts affect sensitive visual, aguatic, or terrestrial resources. Giventhe FLM’s
statutory responsibilities and expertise, the FLM must have responsibility to consider whether the
amount of pollution dispersed into the air or deposited on the ground (or in water) would have an
adverse impact on any AQRV, and if s0, to demonstrate that claim to the permitting authority. In
making an adverse impact finding, FLMs consder such factors as magnitude, frequency, duration,
location, and timing of impacts, as well as current and projected conditions of AQRV'S based on
cumulative impacts.
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c. FLM Permit Review Process

The FLM's current permit review process for any application that may impact a FLM areais described
below.

1. Pre-application. If possible, participate in any pre-application meeting to learn specifics of the
proposed project (sSize, emissions, location, etc) and to provide information regarding
recommended Class | analyses.

2. Completeness Determination. Upon receipt, the FLM will review the application and
provide comments to the permitting authority regarding the completeness of the application
and the need for additional information regarding the BACT, Air Quality Impacts, and AQRV
Impacts andlyses. The FLM will coordinate with the permitting authority and the permit
applicant to ensure that al the necessary information to enable the FLM to make an impact
determination is included.

3. Public Comment Period. After review of al relevant information, the FLM will provide
pertinent comments to the permitting authority, before or during the officia public comment
period, and/or at scheduled public hearings.

4, No Class | Increment Violated and No Adverse Impacts. If no Class | increment is
violated and no adverse impacts to AQRV's are expected, the FLM will inform the permitting
authority of this determination and no further FLM action is necessary. The FLM may till
provide BACT comments.

5. No Class | Increment Violated but AQRV Impact Uncertainty. If no Class | increment is
violated but uncertainty exists regarding potential adverse impacts to AQRV's, the FLM may
request that the permitting authority include a permit condition that requires the permittee to
conduct relevant post-construction AQRV or air quality monitoring. The FLM may aso
request certain control technologies or methods to reduce impacts.

6. Class | Increment Violated, but No Adverse AQRV Impacts. If the Class | increment is
violated, but no adverse AQRV impacts are anticipated, the applicant requests the FLM to
"certify” no adverse impact under Section 165(d)(2)C)(iii) of the Clean Air Act [42 USC
7475(d)(2)(C)(ii1)(1998)]. If the FLM concurs, (s)he makes a preliminary determination that
no adverse impacts will occur.

a The FLM will inform the applicant, the State/loca permitting authority, and EPA of
the preliminary no adverse impact determination.

b. The FLM will notify the public of its preliminary no adverse impact determination
either through the permitting authority's notice procedures, or through separate notice
in the Federal Register. Such notice should include a statement as to the availability of

supporting documentation for inspection and copying, and an announcement of at least a 30-

day public comment period on issues directly relevant to the determination in question.

C. The FLM will review and prepare response to public comments.
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The FLM will make a final determination regarding no adverse impacts, with a clear
and concise statement of reasons supporting that determination.

The FLM will inform the permit applicant, the permitting authority, and EPA of its
final determination and if the final determination is "no adverse impact,” the FLM shall
so "certify” in aletter to the affected parties.

Simultaneous with step e, the FLM will publish a fina determination in the "Notice"
section of the Federal Register, including a clear and concise statement of reasons
supporting that determination, statement as to availability of supporting documentation
for ingpection and copying, and statement as to immediate effective date (date signed)
of final determination.

The FLM will contact the permitting authority and request a revision to the State
Implementation Plan (SIP) to eiminate the Class | increment violations.

Adverse Impact Determination. Regardless of increment status, the FLM may make a
preliminary determination that the proposed project will cause, or contribute to, an adverse
impact on AQRVs. Before officialy declaring an adverse impact, the FLM will inform the
proposed new source and the permitting authority that an adverse impact determination is
imminent and suggest that the permit be modified. If the permit is modified to satisfy the
concerns of the FLM, then an adverse determination is avoided.

a

The FLM will inform the applicant, the permitting authority, and EPA of a preliminary
adverse impact determination.

The FLM will notify the public of the preliminary adverse impact determination either
through the permitting authority's notice procedures, or through separate notice in the
Federal Register. Such notice should include a statement as to the availability of
supporting documentation for ingpection and copying, and an announcement of at least
a 30-day public comment period on issues directly relevant to the determination in
question.

The FLM will review and prepare response to public comments.

The FLM will make a final determination regarding adverse impacts, with a clear and
concise statement of reasons supporting that determination.

The FLM will inform the permit applicant, the permitting authority, and EPA of its
fina determination.

Simultaneous with step e, the FLM will publish a final determination in the "Notice"
section of the Federal Register, including a clear and concise statement of reasons
supporting that determination, statement as to availability of supporting documentation
for ingpection and copying, and statement as to immediate effective date (date sSigned)
of final determination.
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s} If the FLM makes a final determination that a source will have an adverse impact, the
FLM will oppose the permit. However, the permit applicant may propose to mitigate
any adverse impacts (via reducing emissions, obtaining emission offsets, etc.). If the
applicant adequately mitigates the adverse impacts to the satisfaction of the FLM, the
FLM will withdraw his objection to the permit. If the adverse impacts are not
adequately mitigated and the permitting authority nevertheless issues the permit, the
FLM may appeal the permit.

Note: If the permitting authority's SIP makes execution of the above listed steps impossible €.g.,
inadequate time allotments for the FLM's determination or lack of timely FLM notice ) the procedures
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visitor use of the Federd class | area, and (2) the frequency and timing of natural conditions
that reduce visibility. (Id. §51.301(a))

FLMs typically address adverse impacts on a case-by-case basis in response to PSD permit
applications. When an adverse impact is predicted, FLMs recommend that permits either be modified
to protect AQRVs or be denied. FLMs can also address adverse conditions outside of the PSD
process. To do so, they: certify visbility impairment; participate in regiona assessments; informally
collaborate with States and EPA; review lease permits, SIP revisions, Nationa Environmental Policy
Act (NEPA) andyses, Park/Refuge/lForest management plans, CERCLA (Comprehensive
Environmental Response, Compensation, and Liability Act) reviews, and other documents.

In some States, FLM's use screening procedures or thresholds that indicate when the condition of an
AQRYV is acceptable or unacceptable. The pollutant concentration or loading rate that will adversely
impact an AQRV can vary among Class | areas, and depends on current conditions. After a threshold
is reached, an increase in pollutant concentrations is likely to be unacceptable. A concern threshold
can be an adverse impact threshold or other quantifiable level in resource condition or pollutant
exposure identified by the FLM.

e. Air Pollution Permit Conditionsthat Benefit Class| Areas

The FLM does not determine what permit conditions will be required or administer permit conditions;
that is the respongbility of the permitting authority. However, the FLMs may request permit
conditions or agree to withdraw objections to permit issuance if requested conditions are included.
The FLMs view the inclusion of certain PSD permit conditions by the permitting authority as a means
to help protect or enhance the condition of AQRV's when:

1. Air pollution source(s) may cause impacts that exceed protection thresholds for
AQRVs,

2. Terestrial resources, aguatic resources, and/or vishbility are currently adversely
impacted by air pollution and proposed emissions will exacerbate these adverse
conditions;

3. FLM policies require improvement or restoration of AQRVs in paks and
wildernesses; and

4, There is uncertainty on the extent and magnitude of air pollution effects on AQRVSs.

Permit conditions may require emission offsets, AQRV and/or air quality monitoring, inventories, re-
openers, LAER (or other improved control technologies), or other measures to protect, enhance, or
restore resources and values of parks and wildernesses. Permit conditions may:

1 Result in net air quality benefits at a protected area or within aregion;
2. Contribute to areduction of air pollution within aregion;
3. Promote ecosystem inventories and/or monitoring to evaluate physical and biological

resource damage caused by air pollution emissions; and
4, Promote ecosystem restoration or improve the condition of resources damaged by air
pollution emissions.
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The basis of an air permit condition may be identified in the public notice for the draft permit. To be
effective, permit conditions must be federally enforceable and guaranteed. Air permit provisions may
be temporary or permanent depending on the nature of the permit requirements. Procedures to
implement an air permit condition must be acceptable to the FLM (e.g., an agreement between parties
[memorandum of understanding, interagency agreement] is an option to accomplish inventory,
monitoring, or other requirements).

f. Reducing Pollution in Nonattainment Areas (Nonattainment Permit Process)

The PSD program does not apply with respect to a particular pollutant when the source locates in
an area designated non-attainment for that pollutant. Instead, pollution sources are regulated by
Non-attainment Area New Source Review (NNSR). NNSR includes air quality planning and
regulation of stationary sources. Air quality planning addresses issues such as lowest achievable
emission rate (LAER), offsets, reasonably available control technology (RACT), and mobile and
stationary source control strategies. New major stationary sources and major modifications of
sources in designated non-attainment areas must satisfy NNSR before construction begins. For
visibility protection, SIPs must include either EPA-approve provisions to comply with 40 CFR
§851.307 for the non-attainment pollutant, otherwise, the federally promulgated visibility provisions
at 40 CFR 852.28 would apply to all sources located in non-attainment areas. Therefore, FLMs can
provide suggestions to the permitting authority regarding these conditions during the permitting
and planning processes.

SIPs provide a mechanism to address AQRV impacts for when the source or the Class | areais located
in a non-attainment area.  Land managers should recommend that States adopt policies, rules, or
regulations in their SIPs requiring a demonstration that offsets will result in a net air quality benefit
within any Class | area likely to be impacted by emissions from the source to be permitted. FLMs
may aso request emissions reductions greater than 1:1, perhaps offset rates of 1.5 or 2.0 to 1, or
higher, depending on the impacts to be offset. Such recommendations can be developed jointly in a
meeting with the regulatory authority or in aletter from the FLM.

Mitigation measures recommended by FLMs may include stringent control technologies to
minimize the increase in emissions and the impact on AQRVs. Monitoring can determine whether
predicted resource conditions are observed. Offsets ensure that net emissions reductions from all
sources will occur within a geographic area and their resulting air quality impacts at the Class | area
will be mitigated.

3. OTHER AIR QUALITY REVIEW CONSIDERATIONS

At al Class | areas where visihility has been monitored, visibility conditions have been found to be
impaired (by human-caused pollution). The impairment comes primarily from older sources, not new
sources. From a regiona perspective, new or modified sources (using new/cleaner technologies)
contribute far less to impaired AQRV conditions than old sources. New programs, such as EPA’s
NAAQS for fine particulate matter and 8-hour ozone levels have been legdly challenged (as of
December 2000) so their effectiveness in reducing overal regiona pollutant levels from older sources
isuncertain at thistime. EPA has implemented a call for reducing NOy emissions from older sources
in the eastern U.S. to meet existing ozone standards, however, this action is being appeaed to the U.S.
Supreme Court. In addition to national ambient standards, most States are just now beginning the
planning process to implement EPA’s Regional Haze Regulations. If all of these requirements are
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implemented, then progress toward remedying impaired AQRVs is likely. However, given the
sengtivity of some AQRVs to low levels of pollution, programs focused on reaching nationa goals,
such as the NAAQS or vishility, may not fully remedy impacts on AQRVs in dl locations. It is for
this reason that the FLM should pursue al other reasonable strategies to protect AQRVS. The
following sections discuss FLM issues that go beyond NSR.

a. Remedying Existing Adver se Impacts

The existence of adverse impacts is unacceptable to FLMs and contrary to the mandates of their
specific agencies. Consequently, FLMs may request or participate in regional assessments to protect
AQRVs, as appropriate. Regional assessments often use a multi-faceted approach to remedy
impairment. For example, categories addressed by the Grand Canyon Visbility Transport
Commission (GCVTC) include ar pollution prevention; clean air corridors, stationary sources,
sourcesin and near Class | areas; mobile sources; road dust; fire; and future regiona coordination.

Clean Air Act requirements for remedying existing vighility impairment provide a mechanism for
addressing impacts from specific sources or groups of sources. Negotiations at the Centralia Power
Plant in the state of Washington provide an example of how to build partnerships and work
collaboratively to obtain retrofit controls or more stringent control technologies for sources that affect
aFLM area. Through a collaborative decisionmaking process, owners of the Centralia plant agreed to
reduce sulfur dioxide emissions at the plant by 90%. In another case, the USDA/FS asked the state of
Colorado to remedy existing impairment at Mt. Zirkel Wilderness. Following USDA/FS testimony
about the Mt. Zirkel Wilderness, terms of a court-ordered consent decree that specified controls for the
Hayden Power Plant were included in Colorado’s long-term visibility strategy.

FLMs may aso coordinate with others to ensure that emission reductions in nonattainment areas will
improve air quality in FLM areas. Recommendations on urban planning were developed with FLM
involvement to address nonattainment areas in California. Data documenting ozone effects on
vegetation were provided to the planning authority.

b. Requesting SIP Revisonsto Address AQRV Adverse Impacts

A SIP is the key vehicle a state uses to develop the pollution control programs that will be used to
achieve and maintain the NAAQS as well as prevent significant deterioration of air quality. It is
important for FLMs to be involved in SIP development, as participation provides an opportunity to
influence planning of pollution control programs that can benefit air quaity in FLM areas. Once a SIP
is fully approved by EPA, it is legdly enforceable under both State and Federd law. FLMs can use
the SIP process to address existing impacts that are unacceptable by requesting a SIP revision. This
approach is particularly useful for addressing impacts on AQRV's other than visibility, since the Clean
Air Act does not provide specific requirements for other AQRVs. In an October 16, 1996, letter from
the Deputy Assistant Administrator of the EPA to the Assistant Secretary of the Department of the
Interior (DOI), the EPA acknowledged that the CAA provides authority to address adverse impacts on
AQRVs in Class | areas from both new and existing sources. EPA committed to initiate rulemaking
that will set forth the affirmative obligation for States to protect AQRVs as part of their CAA
responsibility to prevent significant deterioration of air quality. EPA states this approach would require
the protection of AQRV's as part of SIPs.
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In an October 17, 1996, response, DOI offered to assist EPA in developing this adverse impact SIP
rulemaking. In addition, DOI urged EPA "to require State Implementation Plans to prevent significant
deterioration of air quality by adopting mitigation measures to address adverse impacts on AQRVs in
Class | areas" These SIP revisions could be used to address multiple sources and regiona pollution
that adversaly affect AQRVs in al Class | areas. DOI sent a follow-up letter to EPA in July 2000
reiterating the need for an AQRV “restoration and protection” rulemaking. EPA solicited public input
regarding an AQRYV rule, as well as a request from Northeastern states for more stringent secondary
NAAQS. EPA will consider comments received and then decide on a course of action.

South Coast and San Diego, California, SIP revisons included FLM recommendations to reduce the
impact of minor sources on AQRVs. South Coast recommendations addressed visibility while the San
Diego recommendations addressed all AQRV's. EPA'sNOx SIP Cdl in the east is another example of
obtaining emission reductions through the SIP revision process. The NOx SIP Call is directed at 20
eastern States and the District of Columbia to address NOx emissions from existing large sources.
Once this action is implemented, significant reductions in ozone formation and nitrogen deposition are
anticipated.

c. Periodic Increment Consumption Review

As mentioned above, EPA has indicated its intention to the FLMs to establish a SIP revison
requirement to address existing adverse impacts on AQRVs. The FLMs strongly support EPA
exercisng its authority in this way. In the interim, however, there are existing SIP revison
requirements that are not being fully utilized. EPA's current regulations require States to conduct a
periodic review of the adequacy of their PSD plan and program. [40 CFR 851.166(a)(4)] Thiswould
include an assessment of increment consumption in Class | and Class Il areas. Few States have ever
conducted a comprehensive, cumulative increment consumption analysis for one or more Class |
areas. In addition, many PSD sources have not exceeded the significant impact levels for increment
consumption; thus, few PSD permit applicants have had to perform a cumulative increment
consumption anaysis for Class | areas. Such a periodic increment consumption review would be
beneficial given that the burden of proof for AQRV adverse impact determinations shifts from the
FLM to the applicant when the increment has been consumed.

In its 1990 report Air Pollution: Protecting Parks and Wilderness From Near by Pollution Sources the
U.S. General Accounting Office (GAO) found that only 1 percent of the sources within 100 kilometers
of five Class | areas it investigated were required to have permits under the PSD program, with 99
percent of the sources being minor or grandfathered sources. It dso found that “non-PSD sources
contribute from 53 to 90 percent of five of the six criteria pollutants emitted within a 100-kilometer
radius of each of the 5 Class | areas” As part of its investigation, GAO noted that “a significant
portion of total emissions of volatile organic compounds generally comes from small sources...and
suggested that as part of the overdl control strategy, States may want to consider lowering thresholds
for regulating new sources to 25 tons of volatile organic compounds a year.” According to the
investigation, 55 percent of anthropogenic VOC emissions come from new sources or modifications
totaling 5 tons per year or less. In areview of PSD permit applications near Mesa Verde Nationa Park
(aClass | areain Colorado), a cumulative modeling analysis of increment-consuming sources found
that approximately 80 percent of the NO, Class | increment at the park had been consumed, but much
of it by minor sources.
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The FLMs have encouraged EPA to provide clearer direction on how often these periodic reviews
must occur as the lack of a prescribed time-frame for conducting such analyses has clearly led to
noncompliance with this requirement over the past twenty years by States. The FLMs believe EPA
should revise 40 CFR 851.166 to require that the periodic reviews be conducted no less frequently
than every five years.

4. MANAGING EMISSIONSGENERATED IN AND NEAR FLM AREAS

Specific dtrategies need to be developed and implemented for reducing and preventing pollution from
the many diverse sources and activities in communities surrounding FLM areas, including “gateway”
communities. Accountability mechanisms are needed to ensure that appropriate actions are taken,
reported and incorporated into SIPs, visibility protection plans, and Federa land management plans.
Various forums (e.g., the Western Regiona Air Partnership, and the Southern Appalachian Mountains
Initiative) are addressing some of the emissions sources of concern and developing appropriate
regiona drategies. In addition, EPA has formed other “regiona planning organizations’ for
implementing its regional haze rule. FLMs should participate in these forums, consistent with Federa
law (e.g., Federa Advisory Committee Act), to the maximum extent possible and should coordinate
their activities within those forums to ensure that comprehensive strategies are developed and
implemented to address al the key emissions sources near FLM aress.

A systematic assessment of emission sources in and near FLM areas would be extremely helpful for
formulating strategies aimed at mitigating or eiminating adverse impacts on area resources. Without
this assessment it is not possible to accurately quantify the extent to which these emissions contribute
to the overal problem. Nevertheless, FLMs can, and should, take steps to minimize emissions
generated on FLM lands even without an accurate inventory of emissions sources.

a. Prescribed Fire

Prescribed fire is a land management tool used for multiple landscape objectives. Prescribed fire
dlows the FLM to mimic natura fire return intervals under controlled conditions where smoke
management can minimize air quality impacts. The alternative is wildfires, which can be very difficult
to control and may cause much more severe air quality impacts. A modeling assessment suggests that
using prescribed fire to minimize wildfires can result in a net reduction in fine particle (PM25s)
emissions in the long term. In the Pacific Northwest wildfire emissions were found to be greater than
prescribed fire emissions in the same airshed (Ottmar, 1996).

Since the turn of the century, wildfire has been aggressively suppressed on most of the nation's public
lands to protect public safety, property, and to prevent what was thought to be the destruction of our
natural and cultural resources. Fire-excluson practices have resulted in forests, shrub lands, and
grassands plagued with a variety of problems, including overcrowding, resulting from the
encroachment of species normally suppressed by fire; vulnerability of trees to insects and disease; and
inadequate reproduction of certain species. In addition, heavy accumulation of fuels (such as dead
vegetation on the forest floor) can cause fires to be catastrophic, which threatens firefighter and public
safety, impairs forest and ecosystem hedlth, destroys property and natural and cultural resources, and
degrades air quality. The intense or extended periods of smoke associated with wildfires can aso
cause serious hedlth effects and significantly decrease visihility.
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FLMs recognize prescribed fire as a valuable tool; they also recognize that emissions from prescribed
fire can be a significant source of air pollution. Smoke particles are also in the size range (< 2.5 um)
that they play a significant role in visibility impairment. Particulate matter is the main pollutant of
concern from smoke because it can cause serious hedth problems, especialy for people with
respiratory illness.

The FLMs are committed to minimizing the impacts from smoke by following sound smoke
management practices, and if practical, usng aternative methods to achieve land management
objectives. Each prescribed burn site will have unique characteristics, but in general, smoke impacts
can be grestly minimized by burning during westher conditions that provide optimal humidity levels
and dispersion conditions for the type of materials being burned, in addition to limiting the amount of
materials and acreage burned at one time.

Generally, fire insde wilderness is considered natural—there is a need whenever possible to alow these
fires to burn out naturally when the fires do not threaten private property or air quality conditions do
not threaten human hedth. Visbility impairments caused by naturaly ignited fires in wilderness
should smilarly be classified as natural. Unlike stationary source emissions, which are continuous, fire
emissions are spatialy and temporally sporadic.

EPA has worked in partnership with land management agencies in the U.S. Departments of
Agriculture, Defense, and the Interior; State Foresters;, State air regulators; Tribes; and others to obtain
recommendations and develop a nationa policy that addresses how best to improve the quality of
wildland ecosystems (including forests and grasslands) and reduce threats of catastrophic wildfires
through the increased use of managed fire, while achieving national clean air goas (U.S. EPA, 1998).
EPA’s wildland fire policy describes criteria for wildland managers (federa, state, tribal, and private),
and state and triba air pollution agencies, to use in planning for and implementing prescribed fires,
and recommends a variety of smoke management techniques that land managers can use to help
reduce smoke impacts from prescribed fires. The policy is available aa EPA’s website
http://www.epa.gov/ttn/faca/fad8.html.

b. Strategiesto Minimize Emissionsfrom SourcesIn and Near FLM Areas

Aside from prescribed fire, other activities that generate air pollution in FLM areas include road
building, operation of generators, oil and gas development, etc. Developing strategies for addressing
natural resource impacts in or near an FLM area should not only take into consideration the type of
activities generating the emissions and their amount, but aso the existing condition of the resources of
that area. More stringent measures should be required for sources in and near FLM areas that are
already experiencing adverse effects from air pollution.

Examples of potentia air pollution prevention practices that FLM agencies may encourage or develop
and use are categorized under the following three strategies:

Pollution Prevention Strategies

§ Review land management plans for affected FLM areas to assess whether they include Strategies to
limit and reduce air pollution emissons and incorporate protective measures into planning and
decision documents.

§ Place priority on pollution prevention.
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§ Encourage zero and near-zero emitting technologies.
§ Promote energy conservation and the use of renewable energy sources.
§ Promote use of clean fuds.

Mobile Source Strategies

8 Promote the adoption of Low Emission Vehicle standards or the conversion of Federa fleets to
dternative fuels.

§ Improve control of evaporative emissions.

§ Adopt and enforce more stringent emission standards for the tour bus industry and other high-
emitting vehicles (e.g., snowmobiles).

§ Retire high-emitting vehicles from Federa fleets as quickly as possible and/or relocate high-
emitting vehiclesto less senditive areas until they can be retired.

§ Establish emission budgets from the transportation sector for selected FLM areas.

§ Develop mass trangt systems in some NPS units (e.g., light rail in Grand Canyon NP and a bus
sysem in Zion NP).

Minor Source Strategies

§ Apply RACT, BACT, LAER, best and reasonably available control measures, etc., to existing
Sources, as appropriate.

§ Go beyond conformity requirements to include the protection of AQRVsS in FLM areas by
ensuring dl actions FLMs can practicably control in and near FLM areas will not cause, or
contribute to, an adverse impact on any AQRV.

Improved involvement with interested parties in gateway communities (those adjacent to FLM areas)
will likely be required to ensure growth in these communities occurs in a manner that mitigates the
impact on natura resources. These communities may need to enhance their participation in the
planning processes of FLMs. Similarly, FLMs must participate in planning activities for public lands
located in the FLM area and communities adjacent to FLM areas to ensure air quality concerns are
adequately addressed. Mechanisms must be identified and developed for community involvement in
developing, implementing, and enforcing emission management strategies for sources near and in
FLM aress.

Implementing strategies to achieve emission reductions in and near FLM areas will require effortsin at
least three specific areas:

1. FLMs should ensure that sufficient emphasisis placed in agency planning documents requiring the
minimization of air pollution emissions from new activities or practices.

2. FLM agencies should inventory air pollution emissons within FLM areas. After emissions have
been quantified, FLMs, States, and adjacent communities will be able to assess the impact of these
emissions through the use of appropriate models. Knowledge of Class | area emissions will aso
improve FLM a&bility to consult with States during the development and review of their SIPs

(especially visibility SIPS).

3. FLMs should cooperate with States and local communities in assessng the need for, and the
development of, appropriate emission reduction strategies in and near FLM areas that address non-
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PSD sources. Without an acknowledgment from States and local communities that these sources
may pose a threat to FLM areas and a systematic assessment of these potential impacts, current
efforts to protect FLM area resources may be insufficient.

c. Conformity Requirementsin Nonattainment Areas

Conformity criteria and procedures ensure that actions on lands administered by Federal agencies do
not cause a violation of the NAAQS, increase the frequency of any standards violations, or delay
attainment. Conformity to SIPs is only required for activities within nonattainment areas for non-
transportation related sources if emissions are above de minimis levels and regionaly significant. Any
activity that represents 10 percent, or more, of the emission inventory for that pollutant in the non-
attainment or maintenance area is regionaly significant. Examples of actions that may require a
conformity determination include road paving projects, ski area development, or mining. Activities
such as prescribed fire, that are included in a conforming land management plan, are exempt from
conformity requirements.

The FLM should define the process to be used in conformity determinations and perform the
conformity analysis before a project is implemented. A conformity analysis typicaly includes
emisson caculations, public participation, mitigation measures/implementation schedules, and
reporting methods. The Pacific Southwest Region of the USDA/FS has published a Conformity
Handbook for FLMs to assist in conformity compliance. In an approved Plan of Operation, FLMs can
require monitoring. For example, in the case of Carlota Mine, located on Nationa Forest land in
Arizona, the USDA/FS requested additional mitigation measures to protect AQRV's in the Supertition
Wilderness.

Transportation projects in FLM areas classified as nonattainment are subject to a more complicated

transportation conformity process. Consultation with State and local air quality and transportation
agencies will be required to comply with applicable regulations.
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D. SUBGROUP REPORTS:
TECHNICAL ANALYSESAND RECOMMENDATIONS

1. SUBGROUP OBJECTIVESAND TASKS

Subgroups were formed to address the four key issues relevant to AQRYV identification and evauation
issues: policy (and procedures), visihility, ozone, and deposition. Each of these subgroups reviewed
the commonalities among the FLMs then addressed the tasks assigned to them by FLAG. One of their
first tasks was to differentiate between Phase | tasks, those which could be resolved in the short term
without significant additiona resources, and Phase Il issues, those that would require a longer period
or greater effort.
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thresholds, and decision thresholds. These are all interrelated. The levels of concern are visibility
impact levels that would alert the FLM to a need for closer scrutiny. The analysis thresholds
parallel these levels of concern in that if visibility impacts approach the levels of concern, the FLM
would need to see further analyses to make an informed judgement about those impacts. The
decision thresholds correspond to the visibility impacts, below which the FLM is not likely to
object to an increase in vishility impairing pollutants. It is important to note that the decision
thresholds can not be absolute; the FLM is required to make a determination on a “...case-by-case
basis taking into account the geographic extent, intensity, duration, frequency and time of visibility
impairments...” (40 CFR 851.301 (a)). However, the decision thresholds should be useful as an
initial benchmark for analysts to judge whether visibility impacts would likely cause the FLM to
object to a proposed action.

Natural Conditions

Comparing the impacts of new source growth against natura conditions implies that natural
conditions are defined. At the time of this writing (December 2000) the EPA is working on
defining natural conditions in support of their visibility regulations, but that work has not yet been
completed. An estimate of natural conditions has been made (NAPAP, 1990). These estimates are
only differentiated by the broad categories of the eastern and western United States. FLAG has
adopted the appropriate aerosol concentrations from the NAPAP as estimates of natural conditions
for each Class | area (Appendix 2.B). These estimates are a surrogate to be used until more
definitive values for natural conditions are established.

Vishility Impairment

Before proceeding with the discussion, it is useful to identify the ways that visibility impairment
can manifest itself. First, the pollutant loading of a section of the atmosphere can become visible,
by the contrast or color difference between a layer or plume and a viewed background, such as a
landscape feature or the sky. The second way that visibility is impaired is a general dteration in
the appearance of landscape features or the sky, changing the color or the contrast between
landscape features or causing features of a view to disappear. The first phenomenon is commonly
referred to as plume impairment, whereas the second phenomenon is sometimes referred to as
uniform haze impairment. As plumes are transported within a stable atmospheric layer, they may
become a layered haze. As plumes and other more diffuse emission sources are transported and
become well mixed in the atmosphere, they may develop into a uniform haze.

Visibility Parameters

The analysis methods for new source growth, described in this chapter, only deal with the visibility
effects of discrete plumes and the aggregation of discrete plumes. The difference in these
phenomena, as treated in this chapter, is whether the visibility effect is primarily seen as a section
of the atmosphere which exhibits a change in contrast or color as compared with a viewed
background, or whether the effect is due to an ateration of the appearance of the background
features themselves. For the first situation, the contrast (C) and color difference index (DE) of the
plume and the viewing background are calculated. For the second situation, the change in
atmospheric light extinction (Dbext), relative to natural conditions, is calculated. An approximation
for which situation applies is the distance from the point of emission. (Distance serves as an
indicator of where steady state conditions may apply.) The visbility impairment from sources
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within 50 kilometers of a view is usually calculated using contrast and color difference, where
visibility impairment from sources greater than 50 kilometers from a view, or the aggregation of a
number of plumes, regardless of distance, is usually calculated using the change in light extinction.
The distance approximation is useful for distinguishing these two phenomena; the terms “near
field” and “distant/multi-source” are sometimes used in the remainder of this document to make
thisdistinction. More information on visibility parameters can be found in Appendix 2.A.

Levels of Concern

The crucia level of concern for visibility impairment is whether it is humanly perceptible as
compared against natural conditions (40 CFR 851.301(x)). As noted above, different visibility
parameters are applied for different phenomena. A summary of the thresholds of perceptibility for
the case of a plume viewed against a background indicates that contrast values (C) of +0.01 to
+0.05 (note that the sign denotes whether the plume is brighter (+) or darker (-) than the
background) are perceptible (NAPAP, 1990). A change in the color difference index (DE) of less
than 1 to 4 has been identified as the range of perceptibility for this parameter. The Workbook for
Plume Visual Impact Screening and Analysis (USEPA, 1992a) suggests that a level of 0.05 for the
absolute value of contrast (JC| = 0.05) and DE = 2 be used as thresholds in screening analyses;
these levels were set in the mid-range of the perceptibility thresholds, in part, because of the
conservative nature of the screening calculations. These levels aso constitute the FLM’s level of
concern for screening analyses of plumes viewed against a background. Under circumstances of a
more refined analysis, |C| = 0.02 and DE = 1 are the levels of concern (USEPA, 1992b). These
levels are usually applied for near field analyses where single sources are locating within 50
kilometers of aview.

For the case of vighility impairment which changes the appearance of a viewed background
feature, thresholds of perceptibility, where a just noticeable change occurs in the scene, have been
found to correspond to a change in extinction Obe) as low as 2% under ideal conditions, up to
20% (NAPAP, 1990; Pitchford and Malm, 1994). A Dhbey: of 5% will evoke a just noticeable
change in most landscapes (NAPAP, 1990). The FLMs are concerned about Situations where a
change in extinction from new source growth is greater than 5% as compared against natural
conditions. Changes in extinction greater than 10% are generally considered unacceptable by the
FLMs and will likely raise objections to further pollutant loading without mitigation. These levels
are usualy applied for distant/multi-source analyses where sources are located more than 50
kilometers from a view or for analyzing the visibility impairment from an aggregation of plumes
from multiple sources, regardless of distance.

Cumulative Analyses

A cumulative effects analysis of new source growth (defined as al PSD increment-consuming
sources) on visibility impairment should be performed. The change in extinction (Dbex) will
usually be the visibility parameter examined. The FLMs recognize that cumulative analyses of the
effects of new source growth on visibility impairment have only rarely been carried out. Until
cumulative analyses are performed for an area, the FLMs are suggesting some analysis thresholds

to either trigger a cumulative analysis or allow a source to be permitted if its impact is below
certain prescribed levels.
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If a cumulative analysis has already been performed for the area, or if other considerations (i.e.,
NEPA, PSD increments, or other AQRV analyses) require that a cumulative analysis be performed
for the proposed source, then the visibility impacts of the source are expected to be considered as
part of the cumulative visibility impairment, as compared against natural conditions. When these
conditions are met, the inclusion of the proposed source is expected regardless of the predicted
visibility impairment of the source, unless its impacts are considered below de minimis.

Analysis Thresholds for New Cumulative Analyses

The analysis thresholds outlined here are interim levels to be used until such time as cumulative
analyses are conducted for an area. Change in extinction (Dbex:) is usualy the visibility parameter
analyzed for a cumulative analysis. If the visibility impact of a proposed project is below 0.4%
change in extinction, the impacts would be considered below de minimis and would not require
further analysis. For situations where a cumulative visibility analysis has not been done or is not
required because of other considerations, the following analysis thresholds will apply. If the
visibility impact of a proposed source is less than a 5% change in extinction a cumulative analysis
would not be expected. For visibility impairment predicted to be above 5%, but less than 10%,
change in extinction from a proposed source, a cumulative analysis is expected. If the visibility
impairment is predicted to be greater than 10% from a proposed source, the FLM is likely to object
to the project regardless of other source growth, unless there is mitigation.

Decision Thresholds

Each determination of whether the impacts from a new source or maor modification will be
considered adverse must, by regulation, be made on a case-by-case basis (40 CFR 851.301(a)).
Therefore, the decision thresholds specified here are strictly a guideline. More refined visibility
analyses may indicate that the visibility parameters used (.e.,, C, DE, Dbe:) do not adequately
characterize the visibility for a particular situation; the FLMs will consider such information in
making their decision. The decision thresholds parallel the FLM levels of concern. For near field
situations where a section of the atmosphere is polluted and is viewed against a scenic background,
screening analysis values of contrast with an absolute value less than 0.05 (|C| < 0.05) would not
likely result in an objection by the FLM. Similarly, a value of DE < 2 from a screening analysis
would not likely result in an objection. If a refined near field analysis is performed, values of
|C| < 0.02 or DE < 1 would not likely result in an objection by the FLM.

For distant or multi-source situations, if a cumulative visibility analysis has not previously been
conducted and is not required for other analyses, a single-source change in extinction less than 5%
would not generaly trigger a need for a cumulative analysis. Under those circumstances, the FLM
would not likely object to the proposed action. If the forecast single-source contribution to
extinction is between 5% and 10%, or if a cumulative analyses is required or already exists, a
specia decision threshold applies. If the visibility impairment from the proposed action, in
combination with cumulative new source growth, is less than a change in extinction of 10% for all
time periods, the FLMs will not likely object to the proposed action. If the visibility impairment

" The de minimis level of 0.4% is defined as 4% of the unacceptable change in extinction (i.e., 10%), paralleling the
discussion of significant impact levelsin the proposed new source review modifications. (FR 61 38291-38293)
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from the proposed action, in combination with cumulative new source growth, is greater than or
equal to a change in extinction of 10% for any time periods, the FLMs will likely object to the
proposed action, unless the contribution from the proposed action is less than a de minimis value of
0.4% for these time periods.

Relationship to Regional Haze Rule

The FLAG recommendations are complimentary to the regional haze rule. However, the visibility
recommendations of FLAG are intended for new source review and NEPA type applications,
wheresas the regional haze rule addresses the effects of existing sources of visibility impairment in
conjunction with new source review. The FLAG recommendation is designed to prevent new
sources from causing visibility impairment, and the criteria for developing these recommendations
do not necessarily apply to existing sources. At the time of this writing, new source review is an
ongoing effort, but it will be severa years before State Implementation Plans (SIPs) under the
regiona haze rule are submitted. If the new visibility SIPs adequately account for new source
growth, the FLMs may reconsider the FLAG recommendations.

The visibility parameters for cumulative impact analysis, outlined here, are related to those in the
regiona haze rule. However, an assumption inherent in regiona haze is that the pollution is fairly
evenly distributed over a broad geographic extent. By contrast, the analysis techniques, described
herein, at most deal with the aggregation of a subset of the plumes that might affect regional haze,
but do not meet the criteria of being aregional haze.

The levels of concern and de minimis levels described in this document were arrived a, in part,
with the knowledge they apply to a limited number of sources under new source review and that
the analyses are always compared to natural conditions. The de minimis levels described here
should not be used for determining whether emissions from an existing source are reasonably
anticipated to cause or contribute to visibility impairment. Those criteria have been laid out in the
regulations (40 CFR 851 Subpart P Protection of Visibility) and through interpretations of those
regulations by EPA and courts.

While there are some distinct differences between this document and the regiona haze rule, there
are aso some similarities. One of these is the need for conducting a cumulative assessment of
visibility impairment. This will include the need for evaluating the effects of sources beyond an
individual state's boundaries. Therefore, it is anticipated that when modeling centers are
established for SIP development work, the tools they use may be applicable to analyzing both
existing impairment as well as the potential impacts of new source growth.
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b. Analysis Techniques

There are two fundamentally different approaches one could adopt to determine vishility
impairment. One is a technically rigorous, complex, and situation-specific method, while the other
is a more generalized approach. The more rigorous approach requires determination of particle
concentrations and size distributions, calculation of particle growth dynamics, and application of
Mie Theory to determine the optical characteristics of the aerosol distribution. Sophisticated
radiative transfer models are then applied, using aerosol optical characteristics, lighting and scene
characteristics, and spatial distribution of the pollutants to calculate the path and wavelength of
image-forming and non-image-forming light that reaches a specific observer from all points in the
scene being viewed.

While such a detailed analysis may be useful for assessing specific cases, it is usually impractica
for situations in which visibility could be experienced in a nearly infinite variety of circumstances.
Practical limitations frequently dictate that it is more reasonable to use a generalized approach to
determine the change in extinction by using bulk-averaged aerosol-specific extinction efficiencies
rather than trying to reproduce the complex optical phenomenathat may occur in the atmosphere.

Consequently, FLAG recommends the generalized approach for determining the effects on
visibility from a proposed new source's emissions. The procedure is to estimate the atmospheric
concentrations of visbility impairing pollutants, apply representative visibility parameters,
calculate the change from specified reference levels, and compare this change with prescribed
threshold values.

FLAG is using estimates of natural conditions as reference levels for Class | visibility analyses.
Comparison with natura conditions will help ensure that those conditions will not be impaired in
keeping with Section 169A of the CAA. Because of the different requirements of the two modeling
approaches discussed below, natural conditions must be expressed using two different metrics:

Standard visual range (visual range adjusted to a Rayleigh condition of 10 Mni?), for near fidd
modeling. Present EPA guideline visibility models traditionally accept visibility conditions
expressed in these terms.

Extinction, for distant/multi-source modeling. Visibility conditions should be expressed in
terms of the averaged extinction efficiencies of the individual atmospheric constituents that
comprise the total extinction. The relative humidity effects of the hygroscopic particles must
be accounted for when the change in extinction is calcul ated.

Information needed to calculate the above indices is provided in Appendix 2.B for al 156 Class |
areas for which visibility is an important attribute. 1f estimates are needed for Class Il aress, the
FLM can provide them.

c. Air Quality Models and Visibility Assessment Procedures
The modeling discussion will be divided into two parts to address the very different requirements

for 1) near field modeling where plumes or layers are compared against a viewing background and
2) distant/multi-source modeling for plumes and aggregations of plumes that affect the general

appearance of a scene. Note that both of the above analyses might apply depending on the source's
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proximity to all portions of the Class | area or multiple Class | aress.
Near Field Analysis Technique for Analyzing Plumesor LayersViewed Against a Background

The Modd (Near Field — Steady State Conditions Applicable)

EPA has recommended a methodology to assess impacts due to coherent plumes. A guideline, for
when these steady state conditions apply, is the distance from the source to the view of concern.
This technique is usualy applied for sources locating less than 50 km from a Class | area.
Applicants must model their potential plume impacts using the screening model, VISCREEN
(USEPA, 1992a), or, if the next level of analysis is called for, PLUVUE Il (USEPA 1992b and
1996¢). Both of these models use steady-state, gaussian-based plume dispersion techniques to
calculate one-hour concentrations within an elevated plume. These two models calculate the
change in the color difference index PE) and contrast between the plume and the viewing
background. Values of DE and plume contrast are based on the concentrations of fine primary
particulates (including sulfates), nitrogen dioxide (NO,), and the geometry of the observer, target,
plume, and the position of the sun. PLUVUE Il also allows consideration of the effects of
secondarily formed sulfates. Plume contrast results from an increase or decrease in light
transmitted from the viewing background through the plume to the observer. The specifics of the
emission scenarios and plume/observer geometries for modeling should be selected in consultation
with the appropriate FLM. At the present time there is no recommended procedure for conducting
analyses of multiple sources with these modeling tools, so multiple coherent plumes must be
treated individually, or combined into a representative single source if reasonable.

The Recommended Prescription (Near Field — Steady State Conditions)

Until better modeling tools are available, FLAG recommends using the present EPA techniques for
plume visua impact screening analyses (USEPA 1992a). However, unlike those procedures, which
suggest the use of current average annua visibility conditions, FLAG recommends that the visual
range corresponding to natural conditions be used to generate the hourly estimates of DE and plume
contrast. FLAG recommends this change in order for the analysis technique to be consistent with the
national visibility goa. For screening-level analyses, FLAG recommends the use of the annual
average reconstructed natural conditions given in the last column in Table 2.B-1 in Appendix 2.B.
The table entry gives the specified reference level (including the effects of relative humidity)
expressed in Mmt. The conversion to standard visual range can be made using Equation 1 in
Appendix 2.A. For the refined analyses, the reconstructed natural condition is derived from the
relative humidity used in the modeling, the corresponding relative humidity adjustment factor
(Table 2.A-1), and estimated natural aerosol concentrations (Table 2.B-1).

If a screening analysis of a new or modified source can demonstrate that its emissions will not cause
a plume with any hourly estimates of DE greater than or equal to 2.0, or the absolute value of the
contrast values (|C|) greater than or equa to 0.05, the FLM is not likely to object to the issuance of
the PSD permit based on near field visibility impacts and no further near field visibility analyses will
be requested. More refined analyses (i.e., PLUVUE I1) would be undertaken if the above conditions
are not met and would be compared against lower levels of concern; the FLM would not likely object
if DE<1.0and |C]| < 0.02.
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If the estimated plume parameters exceed the aforementioned values, the FLM would rely on a case-
by-case effects-based test (NPS 1993), taking into account magnitude, frequency, duration, and other
factors, to decide whether to make an adverse impact determination.

Distant/Multi-Sour ce Techniques for Analyzing Whether a Plume or an Aggregation of Plumes
Altersthe General Appearance of a Scene

This application is generally more complex than the near field, coherent plume modeling analyses
and the guidance from EPA is less definitive, though it is evolving. The modeling system must
include the capability to assess single and multiple sources in a temporally and spatialy varying
meteorological domain, accommodate modeling domains measuring hundreds of kilometers,
include rough and complex terrain, provide pollutant concentration estimates for averaging times
from one-hour to annual, and address inert and secondarily formed pollutants and dry and wet
deposition. In the early 1990s the FLMs and the EPA recognized the need for a consistent,
technically credible technique to estimate contributions to air quality of multiple new sources
locating more than 50 km from Class | areas. Toward that end, the Interagency Workgroup on Air
Quality Modeling (IWAQM) was established to develop a modeling protocol for this application.
FLAG proposes to rely on the IWAQM recommendations and modeling guidance for long range
pollutant transport (present guidance, USEPA 1998°). This technique is usualy applied when
sources are located more than 50 kilometers from portions of a Class | area, when an aggregation of
plumes may impact an area, or when the assumptions inherent in steady state visibility models do

not apply.

The Modd (Distant/M ulti-Source)

Revised IWAQM guidance (USEPA 1998") recommends non-steady state air quality modeling
systems for screening and refined analyses. The IWAQM recommendations are adaptations and
refinements of the CALPUFF dispersion modeling system, including the CALMET meteorological
model (USEPA 1996a, http://www.src.com/calpuff/calpuffl.htm). This modeling system consists
of diagnostic meteorological models, a gaussian puff dispersion model with agorithms for
chemical transformation, wet and dry deposition, and complex terrain, and a post processor
(CALPOST) for calculating concentration and deposition fields and visibility impacts.

The modeling systems/techniques outlined in this recommendation provide ground level
concentrations of visibility impairing pollutants. These concentrations can then be used to
calculate the extinction due to these pollutants, using the relationships outlined in Appendix 2.A.
The results should be compared against a reference level derived from aerosol information (relative
humidity adjusted hygroscopic and non-hygroscopic concentrations plus Rayleigh extinction) given
in Appendix 2.B for each Class | area. This reference level is a function of relative humidity. To
achieve the best temporal and spatia resolution, relative humidity data included in the
meteorological data base of the air quality model and the data provided in Table 2.A-1 is the
preferred basis for making the necessary calculation of the relative humidity adjustment term f(RH)
for refined visibility analyses. The approach, for screening level analyses, is to use the quarterly
averaged reference levels given in Table 2.B-1 that are based on spatially interpolated seasonal
relative humidity values and empirically derived f(RH) adjustment factors (IMPROVE 2000). In

" At the time of this writing, USEPA is considering similar procedures for incorporation into the Guideline on Air
Quality Models (40 CFR 851 Appendix W). This should be consulted for the latest information.
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either approach, the same relative humidity adjustment factor, f(RH), is applied to determine both
the reference level and the effect of the incremental increase associated with the new source(s). An
example model application is given in Appendix 2.C.

For the purposes of the following prescription, FLAG recommends basing the analyses on block 24-
hour averages (i.e., daily) of modeled visibility. The 24-hour average was selected over the 1-hour
average time because:

Our confidence in model performance for 24-hours is higher than for shorter time periods.

The combined visihility effect of emissions from multiple sources transported over long distances
is better represented over 24-hours than for shorter time periods.

It avoids detailed day/night visibility considerations.

It avoids developing and implementing site-specific, complex visbility anaytical methods that are
not available at this time (see discussion under Analysis Techniques).

The Recommended Prescription (Distant/Multi-Source)

The FLMs are concerned with the cumulative effects of new source growth on vishility;
cumulative analyses need to be conducted. The FLMs recognize, however, that few cumulative
vishility analyses have been done, therefore, the following prescription is suggested. If a
cumulative analysis has not been performed for an area and if a single project’s visibility
impairment, compared against natural conditions, is below certain analysis thresholds, then the
FLMs are not likely to object to the project or ask that a cumulative analysis be performed before
the project proceeds. If a cumulative analysis has aready been done or if a cumulative analysisis
required because of other considerations (i.e., increment consumption, NEPA, or other AQRVS), or
if the analysis thresholds are exceeded, then the impacts of the proposed project are expected to be
considered as part of a cumulative visibility analysis.

The prescription is as follows:

1. Calculate the single-source contribution. Compare results with the distant/multi-source Decision
Threshold.
- Determine whether a cumulative analysis has been done for the Class | area(s) in question,
and if it has been done, use the input files from the cumulative analysis to perform this step.

If the estimated increase in visibility impairment attributed to the proposed project is

= 10%, compared against natural conditions, for at least one modeled day, then the FLM
will consider the magnitude, frequency, duration, and other factors to assess the impact, but
islikely to object to the issuance of the permit.

If the estimated increase in visibility impairment attributed to the proposed project is <10%,
then the analysis should proceed to the next step (Note that if the single-source contribution
is always <0.4%, no further analyses are required).

2. If acumulative analysis does not exist, compare the single-source contribution with distant/multi-
source Analysis Threshold and assess the need for a cumulative analysis.
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If a cumulative analysis does not exist, and if there are no other requirements for a
cumulative analysis, and if a new or modified source can demonstrate that its contribution
to a change in extinction is <5.0%, compared against natural conditions, for al days, then
the FLM is not likely to object to the issuance of the PSD permit based on visibility
impacts.

If the single-source contribution to a change in extinction is = 5.0% or if a cumulative
analysis dready exists or is required for some other reason, then the analysis should
proceed to the next step and estimate its contribution to cumulative impacts.

3. Conduct a cumulative analysis and compare results with cumulative, distant/multi-source
Decision Threshold.

If cumulative change in extinction is =10%, for al modeled block 24-hour periods, and the
new source contributes at least a 0.4% change in extinction to any of these periods, then the
FLM will consider the magnitude, frequency, duration, and other factors to assess the impact,
but islikely to object to the issuance of the permit.

If cumulative modeling results indicate that the effects from the combined sources are
expected to cause a change in extinction that is < 10%, for all modeled block 24-hour
periods, then the FLM is not likely to object to the issuance of the permit.

This prescription is portrayed schematically in Figure V-1.
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Figure V-1. Prescription for visibility assessment for distant/multi-source applications
(source greater than or equal to 50 km from the Class | areq)
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d. Summary

FLAG has provided guidance in the form of recommendations, specific prescriptions, and
interpretation of results for assessing visibility impacts near Class | areas (although this guidance is
generally applicable to Class Il areas, as well). The guidance addresses assessments for sources
proposed for locations near and at large distances from these areas. It also recommends
impairment thresholds and identifies the conditions for which cumulative analyses of al increment-
consuming sources would be necessary. The key components of the recommendations are
highlighted below.

In general, FLAG recommends that an applicant:

Consult with the appropriate regulatory agency and with the FLM for the affected Class | area(s)
or other affected area for confirmation of preferred procedures and for the need for a cumulative
analysis.

Obtain FLM recommendation for the specified reference levels (estimate of natural conditions)
and, if applicable, FLM recommended plume/observer geometries and model receptor locations.

Apply the applicable EPA Guideline, steady-state models for regions within the Class | area that
are affected by plumes or layers that are viewed againgt a background (generally within 50 km of
the source).

Calculate hourly estimates of DE and plume contrast, with respect to natural conditions, and
compare these estimates with the thresholds given in Section D.2.c.

For regions of the Class | area where visibility impairment from the source would cause a genera
alteration of the appearance of the scene (generally 50 km or more away from the source or from
the interaction of the emissions from multiple sources), apply a hon-steady-state air quality model
with chemical transformation capabilities (refer to IWAQM guidance documents), which yields
ambient concentrations of visibility-impairing pollutants. At each Class | receptor:

Calculate the change in extinction due to the source being analyzed, compare these changes
with the reference conditions, and compare these results with the thresholds given in Section
D.2.c.

If necessary, calculate the cumulative change in extinction due to new source growth.
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Appendix 2.A
Vighbility Parameters

Visibility is usualy characterized by either visual range (VR) (the greatest distance that a large
dark object can be seen) or by the light-extinction coefficient (bext) (the attenuation of light per unit
distance due to scattering and absorption by gases and particles in the atmosphere) (IMPROVE,
1996). Under certain assumed conditions, these parameters are inversely related to each other by
Equation 1, a long visua range corresponds to a low extinction. Visua range is useful for safety
reasons such as to direct aircraft traffic near airports, but is not particularly useful for assessing the
quality of scenic vistas. Nonetheless, visual range remains a useful measure for describing visibility,
especialy for communication with the general public. The dimensions of VR are length and the
dimensions of b are 1/length. Visua range is usually expressed in kilometers. The extinction
coefficient is sometimes expressed as “inverse kilometers’ (kmil) or as “inverse megameters’
(MmYy (the reciprocal of 1 million meters). If ky: is expressed in Mni' the coefficient 3.912
becomes 3912 as in Equation 1.

Equation 1. Relationship between visual range and light-extinction coefficient.

Other visibility parameters frequently used include DE and contrast. These metrics relate to the
color difference or contrast, respectively, of a plume or haze with respect to some viewing
background.

Calculating the Extinction Coefficient

Vishility is degraded by visible light scattered into and out of the line of sight and by light absorbed
along the line of sight. Light extinction is the sum of light scattering and absorption, and is usualy
guantified using the light extinction coefficient (bex). EXxtinction can be measured directly or it can be
caculated from representative aerosol measurements. Using a generalized approach to estimating
vishility effects, one can calculate the extinction coefficient as the sum of its parts, i.e., Dot = Do +
bass, Where by and by,s are the light scattering and absorption coefficients. The light scattering and
absorption coefficients can be further broken down by their respective components. The scattering
coefficient is affected by light scattering (Rayleigh scettering (bray)) from air molecules and from
particle scattering (by); the particles can be natural aerosol or result from air pollutants. The
absorption coefficient is affected by gaseous absorption (b is expressed in Mmb
P M scatt6e64ted by gaseous absorption
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aerosols (boc), and soil (bssil); the coarse scattering coefficient (bcoarse) IS Not refined any further.
Thus the particle scattering coefficient (by) can be expressed as in Equation 2.

bsp = bSO4 + bNO3 + bOC + bSoiI + bCoarse

Equation 2. Components of particle scattering.

Each of the particle scattering coefficients can be related to the mass of the components using the
relationships in Equation 3.

be, =3[(NH,),S0,]f (RH)
bros :3[NH4N03]f(RH)
boe = 4[OC]
bey =1 [80” ]
b =0.6 [Coarse Mass]

Coarse

Equation 3. Relationship between particle scattering and mass of each species.

The quantities in brackets are the masses expressed in ng/nt. (It is assumed that the forms of the
SO,~ and NO3s” are ammonium sulfate [(NH4)SO4] and ammonium nitrate [NH;NOg3].) The
numeric coefficients are the “dry” scattering efficiencies (nf/g). The term f(RH) is the relative
humidity adjustment factor. The extinction coefficients are in Mmit. If the “dry” scattering
efficienciles are divided by 1000 (.e., 0.003 instead of 3) the resultant extinction coefficients will
bein km-.

Particle absorption (by) is primarily due to elemental carbon (soot). Similarly, absorption by gases
(bag) is primarily from nitrogen dioxide (NO,). For purposes of analyzing the effects of soot or
NO, on visibility in amodeling analysis, the relationships in Equation 4 should be used. Again, the
quantities in brackets are the masses of elemental carbon or nitrogen dioxide in ng/nT and 10 and
0.17 are the extinction efficiencies. Nitrogen dioxide absorption is usually only an issue in the
near-field, therefore, it is usually not considered in an analysis for distant sources.

bap = 10[EC]
bag = 0.17[NO3]
Equation 4. Relationship between particle absor ption and elemental carbon.

The total atmospheric extinction can be expressed as in Equation 5, where lry is the Rayleigh
scattering component, which is assumed to be 10 Mmi™.

Bext = bsos + buos +hoc + beit + Beoarse + Bap (+ bag)” + bray

Equation 5. Components of Extinction ( bag is usually only considered in near-field analyses).
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To the extent that a source contributes to the formation of some of these constituents, those
contributions can be summed to yield the source's contribution to extinction. This will be
discussed in more detail below.

Examination of Equation 3 reveals that the sulfate and nitrate components of the extinction
coefficient are dependent upon relative humidity. These aerosols are hygroscopic and the addition
of water enhances their scattering efficiencies. It is sometimes convenient to consider the sulfate
and nitrate components of extinction separately from the remaining components of Equation 5 and
to keep the relative humidity adjustment factor (f(RH)) separate. Equation 5 can then be rewritten
as in Equation 6, where bnygo is the combined extinction coefficient of sulfate and nitrate,
excluding the relative humidity adjustment factor, and bnon-nygro iS the sum of boc, s, Beoarse, Bap,
and by

Dext = bnygrof(RH) + bnon-hygro + bRay

Equation 6. Extinction coefficient expressed as the sulfate and nitrate contribution
(bhygro =3[(NH4)2SO4 + NH4NO3]) and non-hygroscopic components (bnon-hygro =
bOC +bSoiI +bCoarse+bap+bag)-

The relative humidity adjustment factor requires some further explanation. The variation of the effect
of relative humidity on the extinction efficiency, f(RH), of sulfates and nitrates is given numericdly in
Table 2.B-1. As can be seen, the effect of relative humidity on the extinction efficiency of these
aerosolsis non-linear, and is severa times greater at higher relative humidity than at lower humidity.

FLAG proposes that the relative humidity adjustment to the “dry” scattering efficiencies
(unadjusted for relative humidity) for hygroscopic particles are made as follow:

The preferred dternative is to apply day-by-day f(RH) adjustment factors to the analysis. For this
aternative hourly relative humidity data are needed. Hourly f(RH) values should be averaged to
generate a 24-hour relevant f(RH) factor. FLAG recommends, however, that if the hourly relative
humidity exceeds 98%, that it be rolled back to 98%, so that there will be no f(RH) factors applied
that are greater than f(98).

For screening analyses the adjustment factor can be based on historic averages of f(RH) for the
Class| area(s) of concern (Table 2.B-1).
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Table 2.A-1. f(RH) values for various vaues of relative humidity

RH(%) | f(RH) | RH(%) | f(RH) | RH(®%) | f(RH) | RH(®%) | f(RH)
1 1.0 26 1.0 51 1.2 76 2.3
2 1.0 27 1.0 52 1.3 77 2.4
3 1.0 28 1.0 53 1.3 78 25
4 1.0 29 1.0 54 1.3 79 2.6
5 1.0 30 1.0 55 1.3 80 27
6 1.0 31 1.0 56 1.3 81 2.8
7 1.0 32 1.0 57 1.3 82 30
8 1.0 33 1.0 58 1.4 83 3.1
9 1.0 34 1.0 59 1.4 84 3.2
10 1.0 35 1.0 60 1.4 85 3.4
11 1.0 36 1.0 61 1.5 86 36
12 1.0 37 1.1 62 15 87 3.8
13 1.0 38 11 63 15 88 4.0
14 1.0 39 11 64 1.6 89 4.4
15 1.0 40 1.1 65 1.7 90 4.7
16 1.0 41 11 66 17 91 5.3
17 1.0 42 11 67 1.7 92 5.9
18 1.0 43 1.1 68 1.8 93 7.0
19 1.0 44 1.2 69 1.9 94 8.4
20 1.0 45 1.2 70 1.9 95 9.8
21 1.0 46 1.2 71 2.0 96 12.4
22 1.0 47 12 72 2.0 97 15.1
23 1.0 48 12 73 2.1 98 18.1
24 1.0 49 1.2 74 2.1 99 18.1
25 1.0 50 1.2 75 2.2 100 18.1

" Thevaluesin Table 2.A-1 are only appropriate for averaging times of 1 hour or less.

" Thevalues for 99% and 100% RH are rolled back to the value for 98%.
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Appendix 2.B
Estimate of Natural Conditions

Table 2.B-1 provides natural background estimates for visibility reference levels for each Class |
area; these will serve until better estimates of natural conditions are avallable. The estimates for
natural background aerosol concentrations provided in the State of Science and Technology No.24
(NAPAP, 1990), shown in Table 2.B-2 provide the basis for these estimates. The seasonal and annual
means for the reative humidity adjustment factor f(RH) given in the table are computed using
gpatialy interpolated and quarterly averaged National Westher Service relative humidity data and the
following empirical relationships derived from site-specific relative humidity collected at some Class
| areas (IMPROV E 2000).

f(RH) = 0.34+0.59(1/(1- RH)) +0.09(U/(1- RH))>  (Annud)
f (RH) = 0.35+0.82(1/(1- RH)) (Winter)
f (RH) = -0.01+0.78(l/(1- RH))+0.08(L/(1- RH))>  (Spring)
f (RH) = -0.19+0..99(1/(1- RH)) (Summer)
f(RH) =-0.25+1.02(1/(1- RH)) +0.01(/(1- RH))? (Fall)
For annual, winter (Dec, Jan, Feb), spring (Mar, Apr, May), summer (Jun, July, Aug), and fall

(Sep, Oct, Nov), respectively. The visibility impairment (bex:) due to this assumed distribution of
background aerosol is calculated using Equation 6, Appendix 2.A.

The source of the relative humidity datais 10 years of monthly averaged historic National Weather

Service data (over 250 sites) spatially interpolated and gridded (0.25 degree grid size) and further
interpolated to specific Class | areas. The annual and quarterly means are shown in Figure 2.B-1.
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Particle

Reference
. Componentsof Dr bext
Site Season Extinction (M) | TRH) wiRH) | L&
(M m-l) (M m )
Hygro Hl\yl/gpo Rayleigh
AcadiaNP Annual 0.9 8.5 10.0 3.0 11.2 21.2
Winter 0.9 8.5 10.0 2.9 11.1 21.1
Spring 0.9 8.5 10.0 2.8 11.0 21.0
Summer 0.9 8.5 10.0 3.2 11.4 21.4
Fall 0.9 8.5 10.0 31 11.3 21.3
AguaTibiaW Annud 0.6 4.5 10.0 25 6.0 16.0
Winter 0.6 4.5 10.0 2.4 5.9 15.9
Spring 0.6 45 10.0 2.6 6.1 16.1
Summer 0.6 4.5 10.0 25 6.0 16.0
Fall 0.6 4.5 10.0 2.3 5.9 15.9
Alpine Lakes W Annual 0.6 4.5 10.0 3.7 6.7 16.7
Winter 0.6 4.5 10.0 45 7.2 17.2
Spring 0.6 45 10.0 3.3 6.5 16.5
Summer 0.6 4.5 10.0 2.7 6.1 16.1
Fall 0.6 4.5 10.0 51 7.6 17.6
Anaconda— Pintlar W [Annua 0.6 4.5 10.0 2.5 6.0 16.0
Winter 0.6 45 10.0 3.7 6.7 16.7
Spring 0.6 45 10.0 2.3 5.9 15.9
Summer 0.6 4.5 10.0 1.8 5.6 15.6
Fall 0.6 45 10.0 31 6.4 16.4
Ansd Adams W Annud 0.6 4.5 10.0 2.0 5.7 15.7
Winter 0.6 4.5 10.0 3.0 6.3 16.3
Spring 0.6 45 10.0 17 55 15.5
Summer 0.6 45 10.0 15 5.4 15.4
Fall 0.6 4.5 10.0 2.2 5.8 15.8
Arches NP Annual 0.6 45 10.0 1.9 5.6 15.6
Winter 0.6 45 10.0 3.3 6.5 16.5
Spring 0.6 4.5 10.0 15 54 15.4
Summer 0.6 4.5 10.0 14 5.3 15.3
Fall 0.6 45 10.0 2.3 5.9 15.9
Badlands NP (W) Annud 0.6 4.5 10.0 2.6 6.1 16.1
Winter 0.6 45 10.0 3.1 6.4 16.4
Spring 0.6 45 10.0 2.6 6.1 16.1
Summer 0.6 4.5 10.0 2.2 5.8 15.8
Fall 0.6 4.5 10.0 2.8 6.2 16.2
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Particle

. Componentsof Dry ; bext Reference
Ste Season Extinction M) | TR wifrn) (kﬂe‘n’]_el')
(Mm™)
Non :
Hygro Hygro Rayleigh
Bandelier NM (W) Annual 0.6 4.5 10.0 1.8 5.6 15.6
Winter 0.6 4.5 10.0 2.3 59 159
Spring 0.6 4.5 10.0 15 5.4 154
Summer| 0.6 4.5 10.0 1.7 55 155
Fall 0.6 4.5 10.0 2.0 5.7 15.7
Big Bend NP Annual 0.6 4.5 10.0 21 5.8 158
Winter 0.6 4.5 10.0 2.3 59 159
Spring 0.6 4.5 10.0 1.9 5.6 15.6
Summer| 0.6 4.5 10.0 2.2 5.8 15.8
Fdl 0.6 4.5 10.0 2.2 5.8 15.8
Black Canyon NP Annud 0.6 4.5 10.0 19 5.6 15.6
Winter 0.6 4.5 10.0 2.7 6.1 16.1
Spring 0.6 4.5 10.0 1.6 55 155
Summer| 0.6 4.5 10.0 1.6 55 155
Fdl 0.6 4.5 10.0 2.2 5.8 15.8
Bob Marshal W Annual 0.6 4.5 10.0 2.7 6.1 16.1
Winter 0.6 4.5 10.0 39 6.8 16.8
Spring 0.6 4.5 10.0 25 6.0 16.0
Summer| 0.6 4.5 10.0 20 5.7 15.7
Fdl 0.6 4.5 10.0 35 6.6 16.6
Bosgue del Apache W |Annual 0.6 4.5 10.0 1.7 55 155
Winter 0.6 4.5 10.0 2.2 5.8 15.8
Spring 0.6 4.5 10.0 1.3 53 15.3
Summer| 0.6 4.5 10.0 1.7 55 155
Fdl 0.6 4.5 10.0 1.8 5.6 15.6
Boundary Waters Annual 0.9 8.5 10.0 3.3 11.5 21.5
Canoe Area W Winter 0.9 8.5 10.0 3.6 11.7 21.7
Spring 0.9 8.5 10.0 2.6 10.8 20.8
Summer| 0.9 85 10.0 34 11.6 21.6
Fall 0.9 8.5 10.0 39 12.0 22.0
Breton Idand W Annua 0.9 8.5 10.0 3.8 11.9 21.9
Winter 0.9 85 10.0 34 11.6 21.6
Spring 0.9 85 10.0 4.0 12.1 22.1
Summer| 0.9 85 10.0 4.1 12.2 22.2
Fdl 0.9 8.5 10.0 3.6 11.7 21.7
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Particle

. Componentsof Dry ; bext Reference
Ste Season Extinction M) | TR wifrn) (kﬂe‘n’]_el')
(Mm™)
Non :
Hygro Hygro Rayleigh
Bridger W Annual 0.6 4.5 10.0 2.1 5.7 15.7
Winter 0.6 4.5 10.0 29 6.2 16.2
Spring 0.6 4.5 10.0 1.9 5.6 15.6
Summer| 0.6 4.5 10.0 15 54 154
Fdl 0.6 4.5 10.0 24 59 15.9
Brigantine W Annual 0.9 8.5 10.0 3.0 11.2 21.2
Winter 0.9 85 10.0 2.8 11.0 21.0
Spring 0.9 85 10.0 2.9 111 21.1
Summer| 0.9 8.5 10.0 34 115 21.5
Fdl 0.9 8.5 10.0 3.0 11.2 21.2
Bryce Canyon NP Annud 0.6 4.5 10.0 18 5.6 15.6
Winter 0.6 4.5 10.0 2.7 6.1 16.1
Spring 0.6 4.5 10.0 14 54 154
Summer| 0.6 4.5 10.0 14 53 153
Fall 0.6 4.5 10.0 2.0 5.7 15.7
Cabinet MountainsW |Annual 0.6 4.5 10.0 2.7 6.1 16.1
Winter 0.6 4.5 10.0 4.2 7.0 17.0
Spring 0.6 4.5 10.0 2.4 59 15.9
Summer| 0.6 4.5 10.0 1.9 5.7 15.7
Fdl 0.6 4.5 10.0 3.8 6.8 16.8
Caney Creek W Annua 0.9 8.5 10.0 31 11.3 21.3
Winter 0.9 8.5 10.0 31 11.3 21.3
Spring 0.9 85 10.0 3.3 115 215
Summer| 0.9 8.5 10.0 3.0 11.2 21.2
Fall 0.9 8.5 10.0 3.1 11.3 21.3
Canyonlands NP Annua 0.6 4.5 10.0 19 5.6 15.6
Winter 0.6 4.5 10.0 3.2 6.4 16.4
Spring 0.6 4.5 10.0 15 5.4 154
Summer| 0.6 4.5 10.0 15 54 154
Fdl 0.6 4.5 10.0 2.3 59 15.9
Cape Romain W Annua 0.9 8.5 10.0 3.3 115 21.5
Winter 0.9 85 10.0 29 111 21.1
Spring 0.9 85 10.0 3.3 114 214
Summer| 0.9 8.5 10.0 39 12.0 22.0
Fdl 0.9 8.5 10.0 3.3 11.5 21.5
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Particle

. Componentsof Dry ; bext Reference
Ste Season Extinction M) | TR wifrn) (kﬂe‘n’]_el')
(M)
Non :
Hygro Hygro Rayleigh
Capitol Reef NP Annual 0.6 4.5 10.0 1.9 5.6 15.6
Winter 0.6 4.5 10.0 3.0 6.3 16.3
Spring 0.6 4.5 10.0 15 5.4 154
Summer| 0.6 4.5 10.0 15 54 154
Fdl 0.6 4.5 10.0 2.2 5.8 15.8
Caribou W Annual 0.6 4.5 10.0 2.3 59 159
Winter 0.6 4.5 10.0 3.6 6.6 16.6
Spring 0.6 4.5 10.0 20 5.7 15.7
Summer| 0.6 4.5 10.0 1.7 55 155
Fdl 0.6 4.5 10.0 2.7 6.1 16.1
Carlshad CavernsNP  |Annual 0.6 4.5 10.0 1.8 5.6 15.6
Winter 0.6 4.5 10.0 2.1 5.8 15.8
Spring 0.6 4.5 10.0 15 54 154
Summer| 0.6 4.5 10.0 1.9 5.6 15.6
Fdl 0.6 4.5 10.0 1.8 5.6 15.6
ChassahowitzkaW  [Annual 0.9 85 10.0 39 12.0 22.0
Winter 0.9 85 10.0 34 11.6 21.6
Spring 0.9 85 10.0 3.7 11.8 21.8
Summer| 0.9 8.5 10.0 4.1 12.2 22.2
Fdl 0.9 8.5 10.0 3.9 12.0 22.0
ChiricahuaNM (W)  |Annud 0.6 4.5 10.0 1.6 5.4 154
Winter 0.6 4.5 10.0 2.1 5.8 15.8
Spring 0.6 4.5 10.0 1.2 52 15.2
Summer| 0.6 4.5 10.0 15 5.4 154
Fdl 0.6 4.5 10.0 1.6 55 15.5
Chiricahua W Annual 0.6 4.5 10.0 15 54 154
Winter 0.6 4.5 10.0 2.1 5.7 15.7
Spring 0.6 4.5 10.0 1.2 5.2 15.2
Summer| 0.6 4.5 10.0 15 54 154
Fdl 0.6 4.5 10.0 1.6 55 155
Cohutta W Annua 0.9 8.5 10.0 3.2 114 21.4
Winter 0.9 85 10.0 3.0 11.2 21.2
Spring 0.9 85 10.0 31 11.3 21.3
Summer 0.9 8.5 10.0 3.6 11.7 21.7
Fall 0.9 8.5 10.0 3.3 114 21.4
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. Componentsof Dry ; bext Reference
Ste Season Extinction M) | TR wifrn) (kﬂe‘n’]_el')
(M)
Non :
Hygro Hygro Rayleigh
Crater Lake NP Annual 0.6 4.5 10.0 3.3 6.5 16.5
Winter 0.6 4.5 10.0 4.7 7.3 17.3
Spring 0.6 4.5 10.0 31 6.4 164
Summer| 0.6 4.5 10.0 2.2 5.8 158
Fdl 0.6 4.5 10.0 4.4 7.2 17.2
Craters of the Annua 0.6 4.5 10.0 2.2 5.8 15.8
Moon NM (W) Winter 0.6 4.5 10.0 3.8 6.8 16.8
Spring 0.6 4.5 10.0 1.9 5.7 15.7
Summer 0.6 4.5 10.0 15 54 154
Fdl 0.6 4.5 10.0 2.8 6.2 16.2
Cucamonga W Annud 0.6 4.5 10.0 2.3 5.9 15.9
Winter 0.6 4.5 10.0 2.4 5.9 15.9
Spring 0.6 4.5 10.0 2.3 59 159
Summer| 0.6 4.5 10.0 2.2 5.8 15.8
Fdl 0.6 4.5 10.0 2.2 5.8 15.8
Desolation W Annual 0.6 4.5 10.0 2.1 5.7 15.7
Winter 0.6 4.5 10.0 3.3 6.5 16.5
Spring 0.6 4.5 10.0 1.8 5.6 15.6
Summer 0.6 4.5 10.0 16 54 154
Fdl 0.6 4.5 10.0 2.4 6.0 16.0
Diamond Peak W Annual 0.6 4.5 10.0 35 6.6 16.6
Winter 0.6 4.5 10.0 4.9 7.4 174
Spring 0.6 4.5 10.0 3.2 6.4 164
Summer| 0.6 4.5 10.0 2.3 59 159
Fall 0.6 4.5 10.0 4.8 7.4 174
Dolly Sods W Annual 0.9 85 10.0 31 11.3 21.3
Winter 0.9 85 10.0 3.0 11.2 21.2
Spring 0.9 85 10.0 3.0 11.2 21.2
Summer| 0.9 85 10.0 34 11.6 21.6
Fdl 0.9 8.5 10.0 3.2 114 214
Dome Land W Annual 0.6 4.5 10.0 19 57 15.7
Winter 0.6 4.5 10.0 24 6.0 16.0
Spring 0.6 4.5 10.0 1.7 55 155
Summer| 0.6 4.5 10.0 1.6 55 155
Fdl 0.6 4.5 10.0 2.1 5.7 15.7
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. Componentsof Dry ; bext Reference
Ste Season Extinction M) | "R [ wiiRH) | -G
(M m—l) ( m )
Non :
Hygro Hygro Rayleigh
Eagle Cap W Annual 0.6 4.5 10.0 2.5 6.0 16.0
Winter 0.6 4.5 10.0 4.3 7.1 17.1
Spring 0.6 4.5 10.0 2.2 5.8 15.8
Summer| 0.6 4.5 10.0 1.6 55 155
Fdl 0.6 4.5 10.0 35 6.6 16.6
EaglesNest W Annual 0.6 4.5 10.0 20 5.7 15.7
Winter 0.6 4.5 10.0 25 6.0 16.0
Spring 0.6 4.5 10.0 1.9 5.6 15.6
Summer| 0.6 4.5 10.0 1.7 55 155
Fdl 0.6 4.5 10.0 2.2 5.8 15.8
Emigrant W Annual 0.6 4.5 10.0 2.0 5.7 15.7
Winter 0.6 4.5 10.0 3.2 6.4 164
Spring 0.6 4.5 10.0 1.7 55 155
Summer| 0.6 4.5 10.0 15 54 154
Fall 0.6 4.5 10.0 2.3 59 159
Everglades NP Annual 0.9 85 10.0 39 12.0 22.0
Winter 0.9 85 10.0 3.6 11.8 21.8
Spring 0.9 8.5 10.0 3.7 119 21.9
Summer| 0.9 8.5 10.0 3.8 12.0 22.0
Fdl 0.9 8.5 10.0 4.0 12.1 22.1
Fitzpatrick W Annua 0.6 4.5 10.0 2.1 5.7 15.7
Winter 0.6 4.5 10.0 2.9 6.2 16.2
Spring 0.6 4.5 10.0 1.9 5.7 15.7
Summer| 0.6 4.5 10.0 15 5.4 154
Fall 0.6 4.5 10.0 2.4 6.0 16.0
Flat Tops W Annual 0.6 4.5 10.0 2.0 5.7 15.7
Winter 0.6 4.5 10.0 2.6 6.1 16.1
Spring 0.6 4.5 10.0 1.8 5.6 15.6
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Particle

. Componentsof Dry ; bext Reference
Ste Season Extinction M) | TR wifrn) (kﬂe‘n’]_el')
(Mm™)
Non :
Hygro Hygro Rayleigh
Gates of the Annual 0.6 4.5 10.0 24 59 159
Mountains W Winter 0.6 4.5 10.0 31 6.4 16.4
Spring 0.6 4.5 10.0 2.3 59 159
Summer| 0.6 4.5 10.0 1.8 5.6 15.6
Fall 0.6 4.5 10.0 2.8 6.2 16.2
Gearhart Mountain W |Annual 0.6 4.5 10.0 2.5 6.0 16.0
Winter 0.6 4.5 10.0 4.0 6.9 16.9
Spring 0.6 4.5 10.0 2.3 59 159
Summer| 0.6 4.5 10.0 1.8 5.6 15.6
Fdl 0.6 4.5 10.0 3.2 6.4 16.4
Gilaw Annual 0.6 4.5 10.0 1.7 55 155
Winter 0.6 4.5 10.0 2.2 5.8 15.8
Spring 0.6 4.5 10.0 1.3 53 153
Summer| 0.6 4.5 10.0 1.6 55 155
Fall 0.6 4.5 10.0 1.8 5.6 15.6
Glacier NP Annual 0.6 4.5 10.0 2.8 6.2 16.2
Winter 0.6 4.5 10.0 2.8 6.2 16.2
Spring 0.6 4.5 10.0 2.5 6.0 16.0
Summer| 0.6 4.5 10.0 2.1 5.8 15.8
Fdl 0.6 4.5 10.0 3.8 6.8 16.8
Glacier Peak W Annual 0.6 4.5 10.0 3.8 6.8 16.8
Winter 0.6 4.5 10.0 4.4 7.2 17.2
Spring 0.6 4.5 10.0 34 6.5 16.5
Summer| 0.6 4.5 10.0 2.8 6.2 16.2
Fall 0.6 4.5 10.0 5.1 7.6 17.6
Goat Rocks W Annual 0.6 4.5 10.0 3.6 6.6 16.6
Winter 0.6 4.5 10.0 4.6 7.3 17.3
Spring 0.6 4.5 10.0 3.2 6.4 16.4
Summer| 0.6 4.5 10.0 2.5 6.0 16.0
Fdl 0.6 4.5 10.0 5.0 7.5 17.5
Grand Canyon NP Annua 0.6 4.5 10.0 1.6 55 155
Winter 0.6 4.5 10.0 24 59 159
Spring 0.6 4.5 10.0 1.3 53 15.3
Summer| 0.6 4.5 10.0 14 5.3 15.3
Fdl 0.6 4.5 10.0 1.7 55 155
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. Componentsof Dry ; bext Reference
Ste Season Extinction M) | TR wifrn) (kﬂe‘n’]_el')
(Mm™)
Non :
Hygro Hygro Rayleigh
Grand Teton NP Annual 0.6 4.5 10.0 2.1 5.8 15.8
Winter 0.6 4.5 10.0 3.0 6.3 16.3
Spring 0.6 4.5 10.0 2.0 5.7 15.7
Summer| 0.6 4.5 10.0 1.6 55 155
Fdl 0.6 4.5 10.0 2.5 6.0 16.0
Great Gulf W Annual 0.9 85 10.0 3.0 11.2 21.2
Winter 0.9 85 10.0 2.8 11.0 21.0
Spring 0.9 85 10.0 2.8 11.0 21.0
Summer| 0.9 8.5 10.0 3.3 115 21.5
Fdl 0.9 8.5 10.0 3.1 11.3 21.3
Great Sand Annual 0.6 4.5 10.0 2.0 5.7 15.7
DunesNM (W) Winter 0.6 4.5 10.0 2.3 59 159
Spring 0.6 4.5 10.0 1.7 55 155
Summer| 0.6 4.5 10.0 1.8 5.6 15.6
Fdl 0.6 4.5 10.0 2.2 5.8 15.8
Great Smoky Annua 0.9 8.5 10.0 3.2 114 21.4
Mountains NP Winter 0.9 85 10.0 3.0 11.2 21.2
Spring 0.9 85 10.0 3.1 11.3 21.3
Summer| 0.9 8.5 10.0 3.6 11.8 21.8
Fdl 0.9 8.5 10.0 3.2 114 214
Guadaupe Annua 0.6 4.5 10.0 1.8 5.6 15.6
Mountains NP Winter 0.6 4.5 10.0 21 5.8 15.8
Spring 0.6 4.5 10.0 15 54 154
Summer| 0.6 4.5 10.0 1.9 5.6 15.6
Fdl 0.6 4.5 10.0 1.8 5.6 15.6
Hells Canyon W Annual 0.6 4.5 10.0 25 6.0 16.0
Winter 0.6 4.5 10.0 4.3 7.1 17.1
Spring 0.6 4.5 10.0 2.2 5.8 15.8
Summer| 0.6 4.5 10.0 1.7 55 155
Fdl 0.6 4.5 10.0 3.5 6.6 16.6
Hercules GladesW  |Annud 0.9 8.5 10.0 31 11.3 21.3
Winter 0.9 85 10.0 3.2 114 214
Spring 0.9 85 10.0 31 11.3 21.3
Summer 0.9 8.5 10.0 3.2 114 21.4
Fdl 0.9 8.5 10.0 3.1 11.3 21.3
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. Componentsof Dry ; bext Reference
Ste Season Extinction M) | TR wifrn) (kﬂe‘n’]_el')
(Mm™)
Non :
Hygro Hygro Rayleigh
Hoover W Annual 0.6 4.5 10.0 2.0 5.7 15.7
Winter 0.6 4.5 10.0 3.1 6.4 16.4
Spring 0.6 4.5 10.0 1.7 55 155
Summer| 0.6 4.5 10.0 15 54 154
Fdl 0.6 4.5 10.0 2.3 5.9 15.9
Ie Royde NP Annua 0.9 8.5 10.0 35 11.6 21.6
Winter 0.9 85 10.0 34 11.6 21.6
Spring 0.9 85 10.0 2.8 11.0 21.0
Summer| 0.9 8.5 10.0 3.6 11.7 21.7
Fdl 0.9 8.5 10.0 4.1 12.2 22.2
James River FaceW  |Annual 0.9 85 10.0 3.0 11.2 21.2
Winter 0.9 8.5 10.0 29 11.1 21.1
Spring 0.9 85 10.0 3.0 11.2 21.2
Summer| 0.9 85 10.0 35 11.7 21.7
Fall 0.9 8.5 10.0 3.0 11.2 21.2
Jarbidge W Annual 0.6 4.5 10.0 2.0 5.7 15.7
Winter 0.6 4.5 10.0 35 6.6 16.6
Spring 0.6 4.5 10.0 1.7 55 15.5
Summer| 0.6 4.5 10.0 1.3 5.3 15.3
Fdl 0.6 4.5 10.0 2.4 6.0 16.0
John Muir W Annual 0.6 4.5 10.0 20 5.7 15.7
Winter 0.6 4.5 10.0 29 6.2 16.2
Spring 0.6 4.5 10.0 1.7 55 155
Summer| 0.6 4.5 10.0 15 54 154
Fdl 0.6 4.5 10.0 2.2 5.8 15.8
Joshua Tree NM (W) |Annual 0.6 4.5 10.0 2.1 5.7 15.7
Winter 0.6 4.5 10.0 2.3 59 15.9
Spring 0.6 4.5 10.0 2.0 5.7 15.7
Summer| 0.6 4.5 10.0 2.0 5.7 15.7
Fdl 0.6 4.5 10.0 2.0 5.7 15.7
Joyce Kilmer Annual 0.9 8.5 10.0 3.2 114 21.4
Slickrock W Winter 0.9 85 10.0 3.0 11.2 21.2
Spring 0.9 85 10.0 31 11.3 21.3
Summer 0.9 8.5 10.0 3.6 11.7 21.7
Fdl 0.9 8.5 10.0 3.2 114 214




Particle

. Componentsof Dry ; bext Reference
Ste Season Extinction M) | TR wifrn) (kﬂe‘n’]_el')
(Mm™)
Non :
Hygro Hygro Rayleigh
Kaiser W Annual 0.6 4.5 10.0 2.0 5.7 15.7
Winter 0.6 4.5 10.0 3.0 6.3 16.3
Spring 0.6 4.5 10.0 1.7 55 155
Summer| 0.6 4.5 10.0 1.6 55 155
Fall 0.6 4.5 10.0 2.3 59 15.9
Kamiopsis W Annua 0.6 4.5 10.0 34 6.5 16.5
Winter 0.6 4.5 10.0 4.7 7.3 17.3
Spring 0.6 4.5 10.0 3.2 6.4 164
Summer| 0.6 4.5 10.0 2.3 5.9 15.9
Fdl 0.6 4.5 10.0 4.4 7.2 17.2
Kings Canyon NP Annud 0.6 4.5 10.0 2.0 5.7 15.7
Winter 0.6 4.5 10.0 2.8 6.2 16.2
Spring 0.6 4.5 10.0 1.7 55 155
Summer| 0.6 4.5 10.0 1.6 55 155
Fall 0.6 4.5 10.0 2.2 5.8 15.8
LaGaritaW p 0.6 4.5 10.0 1.9 5.6 15.6
Winter 0.6 4.5 10.0 25 6.0 16.0
Spring 0.6 4.5 10.0 1.6 55 155
Summer| 0.6 4.5 10.0 1.7 55 155
Fdl 0.6 4.5 10.0 2.2 5.8 15.8
Lassen Volcanic NP |Annual 0.6 4.5 10.0 2.3 5.9 15.9
Winter 0.6 4.5 10.0 3.6 6.7 16.7
Spring 0.6 4.5 10.0 2.1 5.7 15.7
Summer| 0.6 4.5 10.0 1.7 55 155
Fdl 0.6 4.5 10.0 2.7 6.1 16.1
LavaBedsNM (W) |Annud 0.6 4.5 10.0 25 6.0 16.0
Winter 0.6 4.5 10.0 39 6.9 16.9
Spring 0.6 4.5 10.0 2.2 5.8 158
Summer| 0.6 4.5 10.0 1.7 55 155
Fall 0.6 4.5 10.0 3.1 6.4 16.4
Linville Gorge W Annual 0.9 8.5 10.0 3.2 11.3 21.3
Winter 0.9 85 10.0 2.9 111 21.1
Spring 0.9 85 10.0 31 11.3 21.3
Summer| 0.9 8.5 10.0 3.7 11.8 21.8
Fdl 0.9 8.5 10.0 31 11.3 21.3
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Ste Season Extinction M) | TR wifrn) (kﬂe‘n’]_el')
(M)
Non :
Hygro Hygro Rayleigh
L ostwood W Annual 0.6 4.5 10.0 29 6.2 16.2
Winter 0.6 4.5 10.0 3.2 6.4 16.4
Spring 0.6 4.5 10.0 24 59 159
Summer| 0.6 4.5 10.0 2.3 59 159
Fall 0.6 4.5 10.0 3.5 6.6 16.6
Lye Brook W Annua 0.9 8.5 10.0 3.0 11.2 21.2
Winter 0.9 85 10.0 2.9 111 21.1
Spring 0.9 85 10.0 2.8 11.0 21.0
Summer| 0.9 8.5 10.0 3.3 114 21.4
Fdl 0.9 8.5 10.0 3.1 11.3 21.3
Mammoth Cave NP |Annual 0.9 85 10.0 3.2 114 214
Winter 0.9 8.5 10.0 3.3 115 21.5
Spring 0.9 85 10.0 31 11.3 21.3
Summer| 0.9 85 10.0 34 11.6 21.6
Fall 0.9 8.5 10.0 3.3 115 21.5
Marble Mountain W |Annual 0.6 4.5 10.0 31 6.3 16.3
Winter 0.6 4.5 10.0 4.4 7.1 17.1
Spring 0.6 4.5 10.0 2.9 6.2 16.2
Summer| 0.6 4.5 10.0 2.2 5.8 15.8
Fdl 0.6 4.5 10.0 3.8 6.8 16.8
Maroon Bells Annua 0.6 4.5 10.0 1.9 5.7 15.7
Snowmass W Winter 0.6 4.5 10.0 2.6 6.0 16.0
Spring 0.6 4.5 10.0 1.7 55 155
Summer| 0.6 4.5 10.0 1.6 55 155
Fdl 0.6 4.5 10.0 2.1 5.8 15.8
Mazatzal W Annual 0.6 4.5 10.0 1.6 55 155
Winter 0.6 4.5 10.0 2.2 5.8 15.8
Spring 0.6 4.5 10.0 1.3 53 15.3
Summer| 0.6 4.5 10.0 15 54 154
Fdl 0.6 4.5 10.0 1.7 55 15.5
Medicine Lake W Annua 0.6 4.5 10.0 2.8 6.2 16.2
Winter 0.6 4.5 10.0 3.2 6.4 164
Spring 0.6 4.5 10.0 24 59 15.9
Summer| 0.6 4.5 10.0 2.2 58 15.8
Fdl 0.6 4.5 10.0 35 6.6 16.6

56




Particle

. Componentsof Dry ; bext Reference
Ste Season Extinction M) | TR wifrn) (kﬂe‘n’]_el')
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Non :
Hygro Hygro Rayleigh
MesaVerde NP Annual 0.6 4.5 10.0 1.9 5.6 15.6
Winter 0.6 4.5 10.0 2.6 6.1 16.1
Spring 0.6 4.5 10.0 15 5.4 154
Summer| 0.6 4.5 10.0 1.7 55 155
Fdl 0.6 4.5 10.0 2.1 5.8 15.8
Mingo W Annua 0.9 8.5 10.0 3.2 11.3 21.3
Winter 0.9 85 10.0 3.3 114 214
Spring 0.9 85 10.0 3.0 11.2 21.2
Summer| 0.9 8.5 10.0 3.3 114 21.4
Fdl 0.9 8.5 10.0 3.2 114 214
Mission Mountains W |Annual 0.6 4.5 10.0 2.7 6.1 16.1
Winter 0.6 4.5 10.0 4.0 6.9 16.9
Spring 0.6 4.5 10.0 2.5 6.0 16.0
Summer| 0.6 4.5 10.0 2.0 5.7 15.7
Fall 0.6 4.5 10.0 3.6 6.7 16.7
Mokelumne W Annual 0.6 4.5 10.0 20 5.7 15.7
Winter 0.6 4.5 10.0 3.3 6.5 16.5
Spring 0.6 4.5 10.0 1.7 55 155
Summer| 0.6 4.5 10.0 15 54 154
Fdl 0.6 4.5 10.0 24 59 15.9
Moosehorn W Annua 0.9 85 10.0 3.0 11.2 21.2
Winter 0.9 85 10.0 2.9 11.2 21.2
Spring 0.9 85 10.0 2.8 11.0 21.0
Summer| 0.9 8.5 10.0 3.2 114 21.4
Fall 0.9 8.5 10.0 3.2 114 21.4
Mount Adams W Annual 0.6 4.5 10.0 3.6 6.7 16.7
Winter 0.6 4.5 10.0 4.7 7.3 17.3
Spring 0.6 4.5 10.0 3.2 6.4 16.4
Summer| 0.6 4.5 10.0 25 6.0 16.0
Fdl 0.6 4.5 10.0 5.0 7.5 175
Mount Baldy W Annual 0.6 4.5 10.0 1.7 55 155
Winter 0.6 4.5 10.0 2.3 59 159
Spring 0.6 4.5 10.0 1.3 53 15.3
Summer| 0.6 4.5 10.0 1.6 55 155
Fdl 0.6 4.5 10.0 1.8 5.6 15.6
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Non .
Hygro Hygro Rayleigh
Mount Hood W Annud 0.6 45 10.0 3.7 6.7 16.7
Winter 0.6 4.5 10.0 4.7 7.3 17.3
Spring 0.6 4.5 10.0 3.4 6.5 16.5
Summer 0.6 4.5 10.0 2.6 6.1 16.1
Fall 0.6 4.5 10.0 5.2 7.6 17.6
Mount Jefferson W Annud 0.6 4.5 10.0 3.7 6.7 16.7
Winter 0.6 4.5 10.0 4.8 7.4 17.4
Spring 0.6 4.5 10.0 34 6.5 16.5
Summer 0.6 4.5 10.0 2.5 6.0 16.0
Fall 0.6 4.5 10.0 5.2 7.6 17.6
Mount Rainier NP Annud 0.6 4.5 10.0 3.8 6.8 16.8
Winter 0.6 4.5 10.0 4.6 7.3 17.3
Spring 0.6 4.5 10.0 3.4 6.5 16.5
Summer 0.6 45 10.0 2.7 6.1 16.1
Fall 0.6 4.5 10.0 5.2 7.6 17.6
Mount Washington W |Annual 0.6 4.5 10.0 3.7 6.7 16.7
Winter 0.6 4.5 10.0 4.8 7.4 17.4
Spring 0.6 45 10.0 3.4 6.5 16.5
Summer 0.6 4.5 10.0 2.5 6.0 16.0
Fall 0.6 4.5 10.0 5.1 7.6 17.6
Mount Zirke W Annud 0.6 4.5 10.0 2.0 57 15.7
Winter 0.6 4.5 10.0 25 6.0 16.0
Spring 0.6 4.5 10.0 1.9 5.6 15.6
Summer 0.6 4.5 10.0 17 55 155
Fall 0.6 4.5 10.0 2.2 5.8 15.8
Mountain Lakes W Annud 0.6 4.5 10.0 2.8 6.2 16.2
Winter 0.6 45 10.0 4.4 7.2 17.2
Spring 0.6 45 10.0 2.6 6.1 16.1
Summer 0.6 4.5 10.0 1.9 5.7 15.7
Fall 0.6 4.5 10.0 3.8 6.8 16.8
North Absoraka W Annud 0.6 4.5 10.0 2.2 58 15.8
Winter 0.6 4.5 10.0 2.9 6.2 16.2
Spring 0.6 45 10.0 2.1 5.8 15.8
Summer 0.6 4.5 10.0 17 55 155
Fall 0.6 4.5 10.0 25 6.0 16.0
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Hygro Hygro Rayleigh
North CascadesNP  |Annua 0.6 4.5 10.0 3.8 6.8 16.8
Winter 0.6 4.5 10.0 4.2 7.0 17.0
Spring 0.6 4.5 10.0 34 6.5 16.5
Summer| 0.6 4.5 10.0 2.8 6.2 16.2
Fall 0.6 4.5 10.0 5.1 7.6 17.6
Okefenokee W Annual 0.9 85 10.0 35 11.7 21.7
Winter 0.9 85 10.0 3.2 11.3 21.3
Spring 0.9 85 10.0 34 115 215
Summer| 0.9 8.5 10.0 39 12.0 22.0
Fdl 0.9 8.5 10.0 3.6 11.7 21.7
Olympic NP Annual 0.6 4.5 10.0 4.5 7.2 17.2
Winter 0.6 4.5 10.0 4.4 7.2 17.2
Spring 0.6 4.5 10.0 4.1 7.0 17.0
Summer| 0.6 4.5 10.0 34 6.5 16.5
Fall 0.6 4.5 10.0 5.8 8.0 18.0
Otter Creek W Annual 0.9 85 10.0 3.2 11.3 21.3
Winter 0.9 85 10.0 3.0 11.2 21.2
Spring 0.9 85 10.0 3.0 11.2 21.2
Summer| 0.9 8.5 10.0 35 11.6 21.6
Fdl 0.9 8.5 10.0 3.2 114 214
Pasayten W Annua 0.6 4.5 10.0 3.7 6.7 16.7
Winter 0.6 4.5 10.0 3.8 6.8 16.8
Spring 0.6 4.5 10.0 3.3 6.5 16.5
Summer| 0.6 4.5 10.0 2.7 6.1 16.1
Fall 0.6 4.5 10.0 5.0 7.5 17.5
Pecos W Annual 0.6 4.5 10.0 1.8 5.6 15.6
Winter 0.6 4.5 10.0 2.3 59 15.9
Spring 0.6 4.5 10.0 15 54 154
Summer| 0.6 4.5 10.0 1.8 5.6 15.6
Fdl 0.6 4.5 10.0 2.0 5.7 15.7
Petrified Forest NP |Annual 0.6 4.5 10.0 1.7 55 155
Winter 0.6 4.5 10.0 2.5 6.0 16.0
Spring 0.6 4.5 10.0 1.3 53 15.3
Summer| 0.6 4.5 10.0 1.6 55 155
Fdl 0.6 4.5 10.0 1.9 5.6 15.6
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Particle

. Componentsof Dry ; bext Reference
Ste Season Extinction M) | TR wifrn) (kﬂe‘n’]_el')
(Mm™)
Non :
Hygro Hygro Rayleigh
Pine Mountain W Annual 0.6 4.5 10.0 1.6 55 155
Winter 0.6 4.5 10.0 2.3 59 159
Spring 0.6 4.5 10.0 1.3 53 153
Summer| 0.6 4.5 10.0 15 54 154
Fall 0.6 4.5 10.0 1.7 55 15.5
Pinnacles NM (W) Annual 0.6 4.5 10.0 2.4 59 159
Winter 0.6 4.5 10.0 34 6.5 16.5
Spring 0.6 4.5 10.0 2.1 5.8 15.8
Summer| 0.6 4.5 10.0 2.0 5.7 15.7
Fdl 0.6 4.5 10.0 2.7 6.1 16.1
Point ReyesNS (W) |Annud 0.6 4.5 10.0 3.0 6.3 16.3
Winter 0.6 4.5 10.0 39 6.9 16.9
Spring 0.6 4.5 10.0 2.7 6.1 16.1
Summer| 0.6 4.5 10.0 25 6.0 16.0
Fall 0.6 4.5 10.0 3.1 6.4 16.4
Presidential Range Annual 0.9 85 10.0 3.0 11.2 21.2
Dry River W Winter 0.9 85 10.0 2.8 11.0 21.0
Spring 0.9 8.5 10.0 2.8 11.0 21.0
Summer| 0.9 8.5 10.0 3.3 115 215
Fdl 0.9 8.5 10.0 3.1 11.3 21.3
Rawah W Annual 0.6 4.5 10.0 2.1 5.7 15.7
Winter 0.6 4.5 10.0 25 6.0 16.0
Spring 0.6 4.5 10.0 20 5.7 15.7
Summer| 0.6 4.5 10.0 1.8 5.6 15.6
Fall 0.6 4.5 10.0 2.2 5.8 15.8
Red Rock LakesW  |Annud 0.6 4.5 10.0 2.2 5.8 15.8
Winter 0.6 4.5 10.0 3.2 6.4 16.4
Spring 0.6 4.5 10.0 2.1 5.8 15.8
Summer| 0.6 4.5 10.0 1.7 55 155
Fdl 0.6 4.5 10.0 2.7 6.1 16.1
Redwood NP Annual 0.6 4.5 10.0 4.2 7.0 17.0
Winter 0.6 4.5 10.0 4.6 7.3 17.3
Spring 0.6 4.5 10.0 4.3 7.1 17.1
Summer| 0.6 4.5 10.0 3.2 6.4 16.4
Fdl 0.6 4.5 10.0 4.6 7.3 17.3

60




Particle

. Componentsof Dry ; bext Reference
Ste Season Extinction M) | TR wifrn) (kﬂe‘n’]_el')
(Mm™)
Non :
Hygro Hygro Rayleigh
Rocky Mountain NP |Annual 0.6 4.5 10.0 2.1 5.7 15.7
Winter 0.6 4.5 10.0 2.5 6.0 16.0
Spring 0.6 4.5 10.0 2.0 5.7 15.7
Summer| 0.6 4.5 10.0 1.8 5.6 15.6
Fall 0.6 4.5 10.0 2.2 5.8 15.8
Saguaro NP Annual 0.6 4.5 10.0 1.6 54 154
Winter 0.6 4.5 10.0 21 5.7 15.7
Spring 0.6 4.5 10.0 1.2 5.2 15.2
Summer| 0.6 4.5 10.0 15 54 154
Fdl 0.6 4.5 10.0 1.6 55 155
Salt Creek W Annual 0.6 4.5 10.0 1.8 5.6 15.6
Winter 0.6 4.5 10.0 2.1 5.8 15.8
Spring 0.6 4.5 10.0 15 54 154
Summer| 0.6 4.5 10.0 1.9 5.6 15.6
Fall 0.6 4.5 10.0 1.8 5.6 15.6
San Gabried W Annual 0.6 4.5 10.0 24 59 159
Winter 0.6 4.5 10.0 24 59 159
Spring 0.6 4.5 10.0 2.4 6.0 16.0
Summer| 0.6 4.5 10.0 24 59 159
Fdl 0.6 4.5 10.0 2.2 5.8 15.8
San Gorgonio W Annua 0.6 4.5 10.0 2.2 58 15.8
Winter 0.6 4.5 10.0 2.3 59 15.9
Spring 0.6 4.5 10.0 2.2 5.8 15.8
Summer| 0.6 4.5 10.0 2.1 5.8 15.8
Fall 0.6 4.5 10.0 2.1 5.8 15.8
San Jacinto W Annual 0.6 4.5 10.0 2.3 59 159
Winter 0.6 4.5 10.0 2.3 59 15.9
Spring 0.6 4.5 10.0 2.3 59 15.9
Summer| 0.6 4.5 10.0 2.2 5.8 158
Fall 0.6 4.5 10.0 2.1 5.8 15.8
San Pedro ParksW  [Annual 0.6 4.5 10.0 1.8 5.6 15.6
Winter 0.6 4.5 10.0 2.4 6.0 16.0
Spring 0.6 4.5 10.0 15 5.4 154
Summer| 0.6 4.5 10.0 1.7 55 15.5
Fall 0.6 4.5 10.0 2.0 5.7 15.7
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Particle

. Componentsof Dry ; bext Reference
Ste Season Extinction M) | TR wifrn) (kﬂe‘n’]_el')
(M)
Non :
Hygro Hygro Rayleigh
San Rafael W Annual 0.6 4.5 10.0 2.6 6.1 16.1
Winter 0.6 4.5 10.0 2.7 6.1 16.1
Spring 0.6 4.5 10.0 2.6 6.0 16.0
Summer| 0.6 4.5 10.0 25 6.0 16.0
Fdl 0.6 4.5 10.0 25 6.0 16.0
Sawtooth W Annua 0.6 4.5 10.0 2.2 5.8 15.8
Winter 0.6 4.5 10.0 4.0 6.9 16.9
Spring 0.6 4.5 10.0 2.0 5.7 15.7
Summer| 0.6 4.5 10.0 15 5.4 154
Fdl 0.6 4.5 10.0 2.9 6.2 16.2
Scapegoat W Annud 0.6 4.5 10.0 25 6.0 16.0
Winter 0.6 4.5 10.0 35 6.6 16.6
Spring 0.6 4.5 10.0 24 59 159
Summer| 0.6 4.5 10.0 1.9 5.6 15.6
Fdl 0.6 4.5 10.0 3.1 6.3 16.3
Selway — Bitterroot W |Annual 0.6 4.5 10.0 2.6 6.0 16.0
Winter 0.6 4.5 10.0 4.0 6.9 16.9
Spring 0.6 4.5 10.0 2.3 59 15.9
Summer| 0.6 4.5 10.0 1.8 5.6 15.6
Fdl 0.6 4.5 10.0 34 6.5 16.5
Seney W Annual 0.9 85 10.0 3.6 11.8 21.8
Winter 0.9 8.5 10.0 3.7 11.8 21.8
Spring 0.9 85 10.0 29 111 21.1
Summer| 0.9 85 10.0 3.6 11.7 21.7
Fdl 0.9 8.5 10.0 4.2 12.3 22.3
Sequoia NP Annual 0.6 4.5 10.0 2.0 5.7 15.7
Winter 0.6 4.5 10.0 2.7 6.1 16.1
Spring 0.6 4.5 10.0 1.8 5.6 15.6
Summer| 0.6 4.5 10.0 1.6 55 155
Fdl 0.6 4.5 10.0 2.1 5.8 15.8
Shenandoah NP Annua 0.9 8.5 10.0 3.0 11.2 21.2
Winter 0.9 85 10.0 29 111 21.1
Spring 0.9 85 10.0 29 111 21.1
Summer 0.9 8.5 10.0 34 11.6 21.6
Fdl 0.9 8.5 10.0 3.1 11.3 21.3
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Particle

. Componentsof Dry bext Reference
Ste Season Extinction M) | "R [ wiiRH) | -G
(M m—l) ( m )
Non :
Hygro Hygro Rayleigh
Shining Rock W Annual 0.9 85 10.0 3.2 114 214
Winter 0.9 8.5 10.0 2.9 111 21.1
Spring 0.9 85 10.0 31 11.3 21.3
Summer| 0.9 85 10.0 3.7 119 21.9
Fdl 0.9 8.5 10.0 3.2 11.3 21.3
SierraAnchaW Annual 0.6 4.5 10.0 1.6 55 155
Winter 0.6 4.5 10.0 2.2 5.8 158
Spring 0.6 4.5 10.0 1.3 53 153
Summer| 0.6 4.5 10.0 15 54 154
Fdl 0.6 4.5 10.0 1.7 55 155
Spsey W Annual 0.9 8.5 10.0 3.3 115 21.5
Winter 0.9 85 10.0 3.2 114 21.4
Spring 0.9 85 10.0 3.3 114 214
Summer| 0.9 85 10.0 35 11.7 21.7
Fdl 0.9 8.5 10.0 3.3 115 21.5
South Warner W Annual 0.6 4.5 10.0 21 5.8 158
Winter 0.6 4.5 10.0 3.6 6.7 16.7
Spring 0.6 4.5 10.0 1.9 5.6 15.6
Summer| 0.6 4.5 10.0 15 54 154
Fdl 0.6 4.5 10.0 2.6 6.1 16.1
St. Marks W Annual 0.9 85 10.0 3.6 11.8 21.8
Winter 0.9 85 10.0 3.2 114 21.4
Spring 0.9 85 10.0 35 11.7 21.7
Summer| 0.9 8.5 10.0 4.0 121 22.1
Fdl 0.9 8.5 10.0 3.6 11.8 21.8
Strawberry Mountain  |Annual 0.6 4.5 10.0 2.6 6.1 16.1
w
Winter 0.6 4.5 10.0 4.4 7.1 17.1
Spring 0.6 4.5 10.0 24 59 159
Summer| 0.6 4.5 10.0 1.8 5.6 15.6
Fdl 0.6 4.5 10.0 3.7 6.7 16.7
Supertition W Annual 0.6 4.5 10.0 1.6 54 154
Winter 0.6 4.5 10.0 2.1 5.8 15.8
Spring 0.6 4.5 10.0 1.2 5.2 15.2
Summer| 0.6 4.5 10.0 15 5.4 154
Fdl 0.6 4.5 10.0 1.6 55 155
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Particle

. Componentsof Dry bext Reference
Ste Season Extinction M) | "R [ wiiRH) | -G
(M m—l) ( m )
Non :
Hygro Hygro Rayleigh
Swanquarter W Annual 0.9 85 10.0 3.3 115 215
Winter 0.9 85 10.0 29 111 21.1
Spring 0.9 8.5 10.0 3.3 114 214
Summer| 0.9 85 10.0 3.8 11.9 21.9
Fdl 0.9 8.5 10.0 3.2 114 21.4
Sycamore Canyon W |Annual 0.6 4.5 10.0 1.7 55 155
Winter 0.6 4.5 10.0 2.3 59 159
Spring 0.6 4.5 10.0 14 53 15.3
Summer| 0.6 4.5 10.0 1.6 55 155
Fdl 0.6 4.5 10.0 1.8 5.6 15.6
Teton W Annual 0.6 4.5 10.0 2.1 5.8 15.8
Winter 0.6 4.5 10.0 29 6.2 16.2
Spring 0.6 4.5 10.0 20 5.7 15.7
Summer| 0.6 4.5 10.0 1.6 55 155
Fdl 0.6 4.5 10.0 25 6.0 16.0
Theodore Roosevelt  |Annual 0.6 4.5 10.0 2.7 6.1 16.1
NP
Winter 0.6 4.5 10.0 3.7 6.7 16.7
Spring 0.6 4.5 10.0 2.5 6.0 16.0
Summer| 0.6 4.5 10.0 2.1 5.8 15.8
Fdl 0.6 4.5 10.0 3.2 6.4 16.4
Thousand LakesW  |Annual 0.6 4.5 10.0 2.3 59 159
Winter 0.6 4.5 10.0 3.7 6.7 16.7
Spring 0.6 4.5 10.0 2.1 5.8 15.8
Summer| 0.6 4.5 10.0 1.7 55 155
Fdl 0.6 4.5 10.0 2.8 6.2 16.2
Three Sisters W Annuad 0.6 4.5 10.0 3.7 6.7 16.7
Winter 0.6 4.5 10.0 4.9 7.4 174
Spring 0.6 4.5 10.0 34 6.6 16.6
Summer| 0.6 4.5 10.0 2.5 6.0 16.0
Fdl 0.6 4.5 10.0 5.1 7.6 17.6
U.L.Bend W Annual 0.6 4.5 10.0 24 59 159
Winter 0.6 4.5 10.0 3.3 6.5 16.5
Spring 0.6 4.5 10.0 2.3 59 159
Summer| 0.6 4.5 10.0 1.8 5.6 15.6
Fdl 0.6 4.5 10.0 2.8 6.2 16.2




Particle

. Componentsof Dry ; bext Reference
Ste Season Extinction M) | TR wifrn) (kﬂe‘n’]_el')
(M)
Non :
Hygro Hygro Rayleigh
Upper Buffdo W Annual 0.9 85 10.0 31 11.3 21.3
Winter 0.9 8.5 10.0 3.2 114 214
Spring 0.9 85 10.0 31 11.3 21.3
Summer| 0.9 85 10.0 3.2 114 214
Fall 0.9 8.5 10.0 3.2 11.3 21.3
VentanaW Annual 0.6 4.5 10.0 25 6.0 16.0
Winter 0.6 4.5 10.0 34 6.5 16.5
Spring 0.6 4.5 10.0 22 58 15.8
Summer| 0.6 4.5 10.0 21 58 15.8
Fdl 0.6 4.5 10.0 2.7 6.1 16.1
Voyageurs NP Annual 0.9 8.5 10.0 3.4 115 21.5
Winter 0.9 8.5 10.0 3.7 11.8 21.8
Spring 0.9 85 10.0 2.6 10.8 20.8
Summer| 0.9 85 10.0 34 11.6 21.6
Fall 0.9 8.5 10.0 4.1 12.2 22.2
Washakie W Annual 0.6 4.5 10.0 21 5.8 158
Winter 0.6 4.5 10.0 2.8 6.2 16.2
Spring 0.6 4.5 10.0 20 5.7 15.7
Summer| 0.6 4.5 10.0 1.6 55 155
Fdl 0.6 4.5 10.0 2.5 6.0 16.0
Weminuche W Annua 0.6 4.5 10.0 19 5.6 15.6
Winter 0.6 4.5 10.0 2.5 6.0 16